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ABSTRACT 

Various analytic and numerical methods are described for the 

phenomena which take place when a high-cnergy-density source interacts 

with matter.    The interaction usually begins with the transient heating of 

a solid surface for which analytical methods of study have been developed 

(Section I).     The second phase of the interaction process is vaporization. 

Recent developments in numerical techniques for simulating vaporization 

are discussed in the context of the two-dimensional interaction code 

HECTIC (Section II).    The third phase normally involves the nonsteady 

flow of ionized vapor, for which equations of state are required.   A gen- 
t 

eral numerical technique (EIONX) for evaluating internal energy and pres- 

sure for a given temperature and density has been developed and incorpo- 

rated in the SPUTTER program (Section III).   For computer programs, 

e. g., HECTIC, which use internal energy and density as the independent 

variables, numerical methods were developed to invert the equations of 

state generated by EIONX (Section IV).    For relatively low energy-density 

sources, the vapor may be in a molecular phase for a significant part of 

the interaction process, thus requiring the development of special tech- 

niques for evaluating the molecular dissociation energy as a function of 

temperature and density.    The calculations for one particular material-- 

carbon--are discussed in detail (Section V). 

(Distribution Limitation Statement No. 2) 
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SECTION I 

HEATING OF A SLAB BY A TIME-DEPENDENT SOURCE 

1, I. INTRODUCTION 

Analytic solutions of the heat conduction equation may often be used to 

advantage in the studyof interaction phenomena (Ref. 1). Although the analytic 

treatment must in general neglect both temperature and position dependence 

of the thermal parameters of the material medium, it is at least not subject 

, to the limitations of accuracy and stability which are encountered in the use 

of difference equations.    The analytic method therefore serves both as a 

, useful gvüde to the improvement of difference-equation methods and as a 

convenient check on the validity of particular computational results obtained 

by use of difference techniques. 

1.2. SPECIFICATION OF THE HEAT CONDUCTION PROBLEM 

In a typical interaction problem, a semi-infinite region x > 0 is 

occupied by a solid material which is heated by radiation incident upon its 

surface.   Ths intensity of this source radiation will be denoted by E(t) 

ergs/cm  /sec, a defined function of time t >0.   The present discussion is 

concerned with the general problem of a source intensity which varies con- 

tinuously with time.    This entire class of problem is definitively treated by 

Car slaw and Jaeger (Ref.   2). 

The absolute temperature of the material medium at position x, 

time t will be denoted by T(x,t).    The material parameters (assumed con- 

* slant) are given by: 

C   =    Specific heat, 

p   =   Density, 
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k    =    Thermal conductivity, 
k ft 

<*   =  7r-, Thermal diffusivity, 

T      =   Absolute temperature of fusion or sublimation, 

K      =   Mass absorption coefficient for source radiation, 
a    =    PKT' Volumetric absorption coefficient for source radiation, 

R   =    Surface reflectivity for source radiation, 

e =    Total emissivity of surface. 

In addition, T    denotes the initial absolute temperature of the 

material, T^ denotes the effective bJackbody temperature of the external 

region (x <0), and a is the Stefan-Boltzmann constant. 

The surface fluxei, associated with source radiation, thermal radia- 

tion, and conduction, are,respectively, 

<P(0.t) ={l-R)E(t) (1) 

VT(0,t) = -€(7 |T(0,t)4-TA
4J (2) 

Vo.t) = -k|I 
x=0 (3) 

The general boundary condition for the heat conduction problem is 

-<PT(0.t)+ <Pc{0.t) = <Ps{0,t) (4) 

Within the solid material, account will be taken of the conductive and 

source fluxes only,   since the measured values of conductivity presumably 

include a first order contribution from radiative diffusion, and the high 

order contributions are presumably not more significant than the tempera- 

ture dependence of the conductivity v/hich is being ignored.   If the atten- 

uation of the source flux within the material can be described by a single 

coefficient a, as in the case of a laser source, 

^s{x.t) = (l - R)£(t)e"ax (5) 

• 



• mHämimin i iiiiiiii   m ^ . 

AFWL-TR-66-108,  Vol n 

The heat conduction equation is then 

d(p        dip 

or 
92T 1    9T ..      „. a-_    -ax 
TF   "   ä   iT =-(l-R)irE{t)e 
9x 

, 

(7) 

The initial condition 

T(x, 0) = T0 . x > 0 (8) 

then completes the specification of the problem. 

1. 3. EXAMPLE;   HEATING OF A METALLIC SLAB BY A PULSED 
SOURCE "   

In a medium with relatively high conductivity and low transparency 

for source radiation, the conductive flux will dominate not only the thermal 

radiative flux at the surface but also the source flux inside the medium; 

i, e., at times of interest the characteristic depth of the conductive front 

y/aT will be large compared with the characteristic depth of penetration 

of the source radiation 1/a.    The equation to be solved is then the homo- 

geneous heat transfer equation 

l—L     1 IZ 
a  2 ' ä8t ' 8x 

x > 0, t > 0 (9) 

with boundary condition 

x=0 = (1 - R) E(t) , t  >   0 
.   8T 

(10) 

and initial condition (8). 

We note first that, with the aid of Duhamel's Theorem, this problem 

can be reduced to a simpler problem in which the boundary condition is 

that the flux be a constant.    That is, let 

--.T. ,„.,,,. _.,"■, T*~- ■W—'wv—"■"—'■--' ■ •■"■.  »—  
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T(x.t)=^   /   fl(x.t-t .t )dt 
0 

(II) 

Then 0(x, t,t } is a solution of the equation 

9fcg     1   ae 

8X2 " « ^ 
(12) 

with 

and 

86 
■krx x=0=.(l-R)E(t0) 

9(x.0.t0)=T0 

(13) 

(14) 

Assume a solution of form 

d = c0t n/2   f    /-JL-VT (15) 

Then, from Eq.  (12), f (z) must be a solution of the equation 
n 

_ 
d  f df 
—=■ + 2z 2n f = 0 (16) ,  Z dz 
dz 

or 

f (z) = i    erfc(z) 
n 

.n ; -   U;.(¥jf: ■-■;;  '. '!■ 

where the functions i    erfc(z) satisfy the relations 

i   erfc(z)     =      /  i        erfc(s) ds 
z 

.-1 r     i     . 2 -Z i      erfc(z)      =    -7= e 
/▼ 

n n-2 n-1 2n i   erfc(z) =    i        erfc(z) - 2zi        erfc(z) 

1 i11 erfc(O)     = 

4 

(17) 

(18) 

(19) 

(20) 

(21) 
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The functions 1° erfr and i   erfc are written as erfc and ierfc, respectively. 

On imposing the condition (13), one notes first that n = 1, and also that 

*-==!, ,(0) = (1 -R)E(t ) (22) 

or, using Eqs. (18) and (21) to show that fj(0) = -1 . 

-V Tn (23) f    0 0(x.t>tn) = —^-(1 - R) E(tn) t1/2 ierfcf      X 

/kcp xy^öt/ 

From Duhamel's Theorem, Eq. (11), an«- using also Eqs. (20) and (19), 

t 

1-R 

0 

t   E(tJ 

/4aÜ-t0). 
dto + To 

I' fi&     ^O^/tTtp   [ /W-y 
ierfc ( ) + 

erfc 
\/4a(t - tjj) 

(-7=^=)1 dt0 + T0 
>/4a(t - tj J 

1-R 
J 

t     E(tJ       - IxÄ/4a(t-tn)l 

yrkcp    o yt -10 

A pulse shape E(t) which has been found useful is 

E(t)     .    (ÜLULÜ tm o < t < t, 

dt0 + T0 

2t m + 1 
1 

(m + 1)E 

2t 

=   0 

m 
liE   (z^-O^t^t <2t 

t > 2t, 

(24) 

(25) 

 —,„,„..,i,„,.wy..,..,. .  ■■■■      '■ ' —r   "■- •— 
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th 
That is, E rises as the m    power of the time to a maximum at time t., 

then decreases in a symmetric manner to zero at time 2t.,   The width of 

the pulse at half maximum, A, is given by 

^2(1-2 -1/m)t1 

, 

The constant E is the time integral of E over the entire pulse, in ergs/cm' 

An explicit solution is readily derived for the time interval 

0 < t < t , the rising portion of the pulse.    In general, for 

n/2 
E(t) = At 

where n is an integer not less than -1, 

(26) 

T(x,t) =T0+A(l-R)(kpC)"1/2
r(in+ l)(4t) in+i i^erfc-^     (27) 

fiät 

The surface temperature is given by 

(28) T(0,t) = T0 + A(l - RHffkpC)"* B(in + 1, i)tin+i 

where Bfp.q) = r(p)r(q)/r(p + q) is the beta function. 

Returning to the pulse shape, Eq. (25), the surface temperature may 

be obtained by substituting Eq. (25) into Eq. (24), setting x = 0, and evalu- 

ating the integrals; for m = 4, 

9/2 

■ 

T(0,t) = T0 + (irkpC)" ' (1 - R) Atj 1(8) (29) 

where   s       = t/t, 

■h I(s)    =     [   E((T) (s -of* da 
0 

|f*s9/2.1f5(.-l,3/2,24.2.48. + 59)H(..l) 

256 9/2 -   Jig (8-2)^'H(s-2) (30) 
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H(x)    =0,       x < 0 

= 1,       x ä 0 

and 
A    _   (m -<• 1)E       5E 

The dimensionless quantities 

i 
I(8)  =AiJ-2ci: 

(1 - R)At 9/2 T(0,t) - IV and 

r 

E(8) 

At. 

are plotted as functions of s in Fig,  1,    The temperature rises as the 9/2 

power of the time from t = 0 to t = t   and reaches a maximum at approx- 

imately 1.10 t..   This result has been closely reproduced by difference 

equation solutions to the heat conduction equation. 

1.4. THE RADIATION BOUNDARY CONDITION 

If the temperature of the surface of the target becomes sufficiently 

high before sublimation or melting occurs, the blackbody radiation from the 

surface can no longer be neglected.   In the transient regime this radiation 

condition can become of major importance for the case of refractory non- 

metal targets (for a good conductor the conductive flux would still over- 

whelmingly predominate) when the total energy delivered by the source is 

near the ablation threshold. 

We consider again the homogeneous problem (Eq. (9)) in which the 

source deposition is assumed to occur only at the surface. The boundary 

condition is, from Eq. (4), 

.   8T 
8x x=0 +  €(T T(C,t)4-TA

4 = (1 - R) E(t) ■ (31) 

■ 
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i.O 

■m- 

■ 

■ 

■ 

}.n     ,,■*; .-.•„      - >*'-'■ ^s« 

|   [T{0,t)-Te] 

:■ y- ^-.■•'■■^*1?"?*9- , ^lls'J 

t/t, 

Figure 1,   Relative Temperature and Source Intensity versus Time 
(Dimensionless Plot) 
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Since this condition is nonlinear in T, some artifice must be employed in 

order to obtain a solution.   Two will be considered: 

1. Implicit solution. 

2. Linearization. 

Linearization is appropriate when the total change of surface temperature 

during the time of interest is relatively small.   However, for refractory 

materials, which can be heated over a large temperature range, this 

assumption is not always particularly good.    An implicit method which 

solves the problem with the exact nonlinear boundary condition will there- 

fore be described first.   The method is essentially that of Jaeger (Ref.  3). 

Assume that T(0,t), T(0,t)4, and E(t\ may all be expanded in powers 

of the variable z = t   : 

oo 

T(0't,= ToI. ^tn/2aTof(z) 
n=0 

. 

g. 
T(M»4=To4I^'n/2*V'*' n=0 

n  tn/2 E(t)  = A y -^ 
n^O  n! 

The application of the initial condition (8) then provides at once 

(32) 

(33) 

(34) 

V1 and 80 (35) 

The first step in the solution is the derivation of the relations be- 

tween the g^ and the f  .    Since g(z) ~ f(z)  , 

f(z)g,(z) - 4f'(z)g(z) = 0 (36) 

Differentiating Eq. (36) n times, setting z = 0, and noting that f(r)(0) = f , 
(r),Ä. r (r) 

g     (0) ■ grt one obtains 

I   0 'M„.r + I" «r + l«„.r» n o 
r=0 

(37) 

HM^SSSBBMBr 



AFWL-TR-66-108.  Voll! 

Equations (35) and (37) may readily be solved explicitly for the g : 

g0 = 1 

«ls4fl 

g, = 12 £ 2 + 4f 
" 12 

etc (38) 

The second step is the solution of the heat conduction equation (9) for 

the temperature TU, t) when the surface value Is a prescribed function of 

time:   TJO.t) = v//2. where Vn = T^/n! .   The Laplace transform of 
Eq. (9) may be written 

d s       2.,     n —y- q s = o,      x >o 
dx^ 

(39) 

where 

S(x)=   /TJx.^e-P* dt (40) 

and 

- q   *p/a (41) 

The boundary condition at x = 0 is that S shall be the transform of V tn/2, 
namely, n 

S(0)sVnr(l+n/2)p"1-n/2 
(42) 

The solution of Eq. (39) which satisfies this condition and is regular at 
infinity is 

S(x) = S(0) e"qx 
(43) 

The inverse transformation then yields the desired result for the 
temperature: 

T (x,t) =V  r(l +n/2) n n 
n/2 .n 

inerfc(L!L.\ (44) 

10 
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Linear superposition of the contributions given by Eq. (44) for each 

n, as in Eq. (32), then yields the complete solution T(xtt): 
00   f 

T(x,t) = T/ 1 + £  ^Td + n/2)(4t)n/2 inerfc 
nsl '4 at 

(45) 

It remains to determine the coefficients f   using ehe boundary condition 

(31).   The conductive flux at the surface is, from Eqs. (18), (21), and (45), 

9x 
= ka-1/2T     y     ^l+n/2) (n.l)/2 

x=0     KQ! l0   £. n! r(l/2 + n/2)   n n=l 

* r /3     n\ 
= ka-l/2T    V r\l + z) f      .n/2 

0 ^n (n+ 1)! r(l +n/2)   n+r 
(46) 

Substituting Eqs.  (46), (33), and (34) into Eq. (31), one finds for n = 0 

■ 

ka-l/2 T0fii+ ccr (T0' - T^) Ml - R) Ah0 

and for n > 0 

,-1/2 „,       r(2+2) , „ 4 
kQf Tn /    xttr./ix    /->v f ^i + c<rTn g    = (1 - R) Ah 0 (n + 1) r(l + n/2)   n+1 0 6n     * '       n 

or for n ^ 2 
,     -1/2 a. ka T, (' +t) 

j—^   ^Ml-IOAV,.«^^.!    <«) 

The solution, Eq. (45), is thus completely specified.   With the coeffi. 

cients h   given, one finds first f   from Eq. (47), then g   from Eq. (38), f_ 

from Eq. (48), g   from Eq. (38), etc. 

An alternative approach to the above is to specify a linearised radia- 

tion boundary condition in place of Eq. (31): 

where in some sense 
h(T - T.) ~  12 (T4 - T.4) 

A K A 

11 
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is an adequate approximation for the problem at hand.   For problems in 

which   |T(0,t) - TJ/T     «   1 at all times of interest, a good fit is obtained 
I «i 

by defining 

h = hj = 4 6ffTA /k (51) 

Equation (51) underestimates the radiative cooling rate for T(0,t) > TA.   A 

second alternative is 

h = h2 = IT »V - TA4'/<TB - TA> '52' 

which is correct for T(0,t) = TA and T(0,t) = Tg, but overestimates the 

cooling rate at all intermediate temperatures.   A third alternative, inter- 

mediate between h   and h, in value, is defined by 

h " h3 -   k I <TB - TA)3 + 2TA<TB " TA>2 + 4TA2<TB " ^ + 4TA3 (53) 

This yields the correct total radiated energy between T = T. and T = T   , 
A B 

if T(0,t) is a linear function of the time; in this sense it gives an approxi- 

mately correct mean cooling rate over this interval. 

With the initial condition 

T0=T(x.0) = TA (54) 

and the boundary condition (49), the general solution is 

00 00 9 v 9 

T(x,t) - TA = i- (1 - R)  / e'^ dy  /        tk - i^UL )e'Z   ** (55) 
J* 0 x-y       \        4azC   I 

fÄZi 

(see Ref. 2, p. 74).   Other formulas involving the linearized radiation 

boundary condition are presented in the following section. 

1.5. INTERNAL SOURCE DEPOSITION 

We consider next the case in which the depth of penetration of the 

source radiation is not negligible; i.e., at times of interestyöTis not large 

compared with 1/a.   The source flux must then appear in the differential 

12 
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equation rather than in the boundary condition.   For simplicity, we adopt 

the initial conciition (54) and define ö(x,t) If T(x,t) - T0.   Then the equation 

to be solved is (7), or in the present notation, 

■ 

aa A,.»    -ax d£-ad\   -(l-Ä)Ä*(t).-",       x>0 
9 x 

■ 

(56) 

with the linearised radiation boundary condition 

(57) 

and initial condition 

0(x, 0) = 0 (58) 

The general solution of this problem may be written in the form 
t « 

(Xx.tJMl-R)^ / dt0Ä(t0) / dxc 

-ax^ 
G(x,t|x0,t0) (59) 

where G(x,t  |x .t ) is the temperature rise at x,t due to a unit source at 

xÄ,t„ < t.   Sevii-al forms of this Green's function may be written, the 
0   0 

choice being one of computational convenience.   We introduce first the 

infinite medium heat conduction kernel 

•    "   -/*2«(t-t0) 
U(x,t|x0,t0) = - j   e co8^(x-x0)dß 

4ira(t - t0) 
1/2 exp 

<x - x0> 
4a (t - t0) 

(60a) 

(60b) 

which satisfies the equation 

8U 8  U du o   U     . S a —r-= 0 , -« <  x   < •*,        * > *« 
at       " 8x2 

with initial condition 

13 
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and 

U-" 0 as   jxj — « and aB t —■ +   « 

This kernel is itself the Green's function for the infinite medium.   For our 

semi-infinite medium, the Green's function may be found by the method of 

images (Ref.  4): 

G(x,t|x0,t0) - U(x,t lx0,t0) + U(x,t| - x0t0) 

"X0 h(x +y) 
-2h j        U(x,t|y,t0)e      "       dy (61) 

i f dß 
0 

fi   Q!(t-t0) 
cos /3 (x - x ) + cos ^ (x + x.) 

oo   -h(y-x0) 
- 2h   /     e cos ^ (x + y) dy 

X0 

(X " «n)' 

(62) 

•M-vl-lftKl-^)-|-^ 
- 2he ^r^-h-^H 

i**v 
' 4o(t - t0)J 

(63) 

=   \^a(t - t.0)j |exp [- 4a(t I     J   + exp [^"^TT) 

2i r 2- (x + x0) 

h exp 
2                j        fx+x   + 2ha(t - t )1 

h(x + x ) + h a(t - Ukrfc   - u  ^ (64) 

Equation (59) has the form of a Laplace convolution, so that if the 

Laplace transforms of d(t), E(t), and G(t-t ) are denoted, respectively, by 
__ _ 

d(p), E(p), and G(p), then 

-ax. 
ö(x,p) =(1 -R)f£E(p)     /■G(p)e       0dx (65) 

14 
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The transform of the Green's function is 

(66) 

where q    = p/a as before.    Therefore, 

(^ 

-ax 
e G(p) 

-ax -qx pe        -aoq e 
1 T 

he 

■ 

■    ■    ■ 

-qx 

p    - a  Ofp 

and the general result is thus 

c+i» 
»(x.t)Ml-R)~^    f       dpE(p)ept 

c-i* 

Qfq  [q    + (h + a)q + ha| 
(67) 

ae -qx 
he -qx 

L  q(q2-a2)    q(q + h, lq +aJ 
(68) 

Although this expression involves only a single quadrature,    t is not neces- 

sarily easier to evaluate than (59), even when h = 0.   Numeiical methods 

based upon either form are certainly possible and are worth investigating. 

1.6. CONCLUSIONS 

The analytic approach offers some significant advantages over purely 

numerical methods of solving difference equations representing the fiow of 

heat.    It is not subject to numerical instability difficulties or to truncation 

error, and simple problems may be colvsd with far less computational 

effort than the numerical approach demands.   Furthermore, many features 

of the solution, such as the existence and location of maxima and minima, 

the leading terms of power series expansions of the solution, and perturba- 

tion coefficient which describe the effects of small changes in the param- 

eters of the problem, may be derived directly.    Many of these features can 

be obtained only with considerable difficulty from a numerical treatment. 

On the other hand, it must be recognized that the numerical approach 

is potentially far vnore powerful and versatile.    Temperature-dependent 

conductivity, the radiation boundary condition, complex time and space 

dependence of the problem characteristics, and two- or three-dimensional 

geometry can all be handled within the scope of a practicable calculation 

15 
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effort.   One can, in effect, solve the roal problem with which one is 

presented, rather than some idealized problem which bears an imperfectly 

known relation to the real problem. 

The use of analytic methods within the framework of a basically 

numerical approach remains to be considered.   For example, in a two- or 

three-dimensional calculation it might be preferable to use a numerical 

approach based upon the integral formulation (Eq. (59)) rather than the 

difference equations.    Even where the difference equations are entirely 

adequate, it may require less computer time to evaluate an analytic formula 

for those cases in which one is available.    Purely analytic and purely 

numerical methods are merely the extremes of a "spectrum" of available 

approaches; for the majority of problems the most practical techniques 

probably involve some combination of the two. 
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SECTION n 

VAPORIZATION AND HEAT CONDUCTION IN HECTTr 

2.1.    INTRODUCTION ■ 

In a two-dimensional geometry the phenomena of vaporization and 

heat conduction are considerably more complex than in one dimension, and 

the simplest approaches to the calculations, employing explicit differencing 

of the partial differential equations involved, are even less feasible than in 

the one-dimensional case.   The approach taken in the effort to develop a 

two-dimensional Eulerian interaction code has therefore been to concen- 

trate on the analytic description of the physical processes involved in more 

or less typical applications, rather than on the most general possible solu- 

tion of the equations.   For this reason the approach is essentially 

one-dimensional. 

2.2.   VAPORIZATION ■■    :-■'?  " - Mti'M M'-; ':'\ 

The following equations are employed in the description of vaporiza- 

tion at the surface: 

Continuity 

m =  p u 
o a 

m = p1c1 

-V .iJ;V,rt t. ill:,., ■ ■-     <:. -, ,,. TSIp*  ».te S- 

Equation of motion 

P. + mc, = P   T mu 
1 1        o a 

■ 

(69) 

(70) 

(71) 

17 
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Energy conservation 

m(H1+   c^/i!  -   Ho- ua
2/2)    =  ^ (72) 

2 

P    = 2_°_ (74) 

■ 

Vapor equation of state 

P, = (y-1) IV   P. (73) 

(1) Hugoniot pressure in solid 
■ 

2 

ps-^(l.   P8/Po) 

These six eqtiations involve seven unknown quantities: 

m        Mass ablation rate, 

p Density on solid side of solid-vapor interface, 
o 

p Density on vapor side of solid-vapor interface, 
| 

Magnitude of vapor velocity at solid-vapor interface, 
relative to the interface. 

Magnitude of ablation velocity, i.e., velocity of solid 
mm«**** relative to the interface,- 

P        Pressure on solid side of solid-vapor interface, 
o 

P Pressure on vapor side of solid-vapor interface. 

The equations also involve seven material parameters, assumed to 

Cl 

u 
a 

be known: 

H Specific internal energy of solid at the vaporizatioi 
temperature, 

H Specific internal energy of vaporization, 

p Normal solid density. 

18 
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- 
■ I'       Specific random internal energy of vapor at the interface, 

y      Polytropic index oi vapor, 
■        ' ■ .      ■■ 

a. ß     Constants in empirical low-pressure state equation for 
solids: 

■ ■   ' ' ■ ,  '    ' .        , ... - 

2 
P = cm   + /3u    , where u   is the particle velocity (Ref.   1). 

p p p 

The specific enthalpies of vapor and solid at the interface are defined, 

respectively, by 
u 

(75) 
■ 

H. =H     +H    +P  /P 
1 L. V 1       1 

H   =H_ +P /P 
o        C       o     o 

(76) 

Finally, the net energy flux at the interface available for producing vapor, 

^9-   , is assumed known.   In effect, 

^sv = E fL (77) 

where E is the total incident flux on the interface and <P   is the loss due to c 
heat conduction into the interior of the solid.    The latter term is treated in 

detail in Section 2.3.   All quantities defined above are non-negative; vector 

quantities are represented by their magnitudes,  since relative orientations 

are determined by the model assumed.   The evaluation of the solid pressure 

on the Hugoniot replaces the more complete equations of state and motion 

for the solid, which are not needed for the analysis of many interaction 

processes.   This remains, however, a limitation of the model which ma^ 

require further developmental effort in the future. 

Since the number of equations is one less than the number of un- 

knowns, an additional condition is necessary.    The velocity c. of the vapor 

at the interface,  relative to the interface, must be such that 

u.scj s/^-TJHT (78) 
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That is, it cannot be less than the constant density limit, in which  p   = p , 
1        o 

nor greater than the Chapman-Jouguet limit, namely, the local sound 

speed, lor which the entropy is a maximum.    If c. lies between these 

limits, the pressure P   on the vapor side of the interface is obtainable 

from the conditions in the external vapor field, for example, by integration 

back from an ext6rior boundary condition.    In any of these three cases, the 

additional condition is determined by the hydrodynamic coupling of the 

vapor at the interface to that beyond the interface.    The constant density 

limit should theoretically be instead a constant pressure limit; i.e., with 

a more detailed state equation treatment in both vapor and solid, the lower 

limit of c    would appear naturally from the formulation as a condition in- 

volving constant pressure across the interface rather than constant den- 

sity.   In the absence of such a more detailed and algebraically involved 

treatment, the constant density assumption is a reasonable and convenient 

artifice. 

Case 1.   Assume first that  <P-    is sufficiently small that 
2 bV 

Cj    =  "Ay - i)**^, the Chapman-Jouguet case.   Then using Eqs. (69), (70), 

(71), (73), (75), and (76), Eq. (72) may be written in the form 

m[Hv +  c*  (I - aJc/fZ + (y - DHJ, (1 - ujc^ = ^ (79) 

or,  since ablation velocity, particularly in this case, must be small com- 

pared with the sound speea in the vapor, u /c. ^ 1 and 
ct        X 

..    ■ ■ 

m ^  <psv/   [Hv  icj   /2   +   (y- 1)HJJ (80) 

The remaining unknowns are then obtained by solving Eq. (69) for u , 
a 

Eq. (70) for  P., Eq. (73) for P., Eq. (71) for P  , and Eq. (74) for  P . 
1 X o o 

The value of P   obtained by this procedure is denoted by P-, or ••P-test". 

Case 2.   Now assume, in contrast to Case 1, that the relative velocity 

of the interface and the vapor at the interface is less than the sound speed. 

20 
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Then the interface remains within the range of influence of the external 

vapor, and the pressure P    at the interface may be found as follows.   De- 

note the pressure in the zone adjacent to the interface by P   , the pressure 

in the next zone by P,. .,, and the widths of the zones by A   , A„,..   Then 
Wr» K        K+l 

PV=PK       if       PK<PK+1 (81) 

P    - P 
p    = p    + A    _K K-l 

V        K +    K AT, + A, "K     "K+l 

and the true interface pressure is taken to be 

P. = max (P   ,P   ) 
1 T     V 

P     > P 
K        K+l (82) 

(83) 

1£ P   = P   , i.e., if P     > P   , the Case 1 calculation already performed 

is confirmed.   Otherwise, it is dropped and the Case 2 calculation is sub- 

stituted as follows.    Equation (79) may be rewritten, using Eqs. (70) and 

(73) as 

_1 
2 

(y - i)H^     1-»z 

ä1
3 + 

1 o- 
■ 

which is a cubic of the form 

Hv + (y - DH-, .. j ih =  0 
SV (84) 

3 Am + Bm    = rav 

Let 

A2, ,.     2 a = A /^sv 

b = <PSV/2B 

S    = b( /I + 4Aa/27B + 1) 

S_ = b( y/1 + 4Aa/27B - 1) B 

21 
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The oi>ly real root, in physically valid cases, is then 

2     3 
if B/Aa = B<p       /A   is small,  specifically less than 0.01, then S. and S 

are nearly equal and the form 

m = ~Ä"   I1 :T" I {86) 

is used. 

The procedure is as follows:   Given P  , evaluate  P   by Eq. (73) and 

provisionally assign the value P   to P .   Then evaluate m by Eq. (85) or 

(86), u   byEq.  (69), c. by Eq. (70), and P   by Eq. (71).   If  P.   =sp   or 
3L X O 1 O 

equivalently P    s (y _ 1)H'    P  , the calculation is then complete.    If how- 

ever, P    > (y - 1)H'    P  , first try re-evaluating P    from Eq. (74) to 
i >_>    o o 

determine if the solid has been shocked to a sufficiently high density to 

pass the test.    If this is insufficient, the Case 2 calculation is dropped and 

the Case 3 calculation is substituted. 
■ 

Case 3. This is the constant density case; the solution is given by 

setting P = Pj. solving Eq. (74) for P , and setting P = P . Since by 

Eq.  (71) c    = u , Eq. (72) reduces to 
X ' ct 

Hv     . 

which is essentially equivalent to 

E 
Hv + Hc 

since conductive steady state is quickly achieved under these conditions. 

Finally, u    is determined by Eq.  (69). 

22 

'■■". -*■■ '■ 



AFWL-TR-66-108.   Vol II 

■  ■     ■ 

The HECTIC code at the present time employs a still simpler pro- 

cedure in which  P   is identified with  P   under all conditions so that Eq. 

(74) is not used at all.   The procedure described above merely indicates 

refinements which can be readily made without modifying the vapor state 

equation or introducing a complete solid state equation into the formulation 

2.3.    CONDUCTION 

The basic equation for the description of heat flow in the solid is 

de d29 

OS 

(89) 

where q(s,t) represents the net source of heat at a fixed position s.   It is 

convenient to transform this equation to a moving coordinate x such that 

= x + m 
P t o 

(90) 

i.e., x represents the depth in the solid relative to the moving solid-vapor 

interface.   The transformed equation is then 

8 6 dZe       . 8 0 
poCvir = k7I+mCv^ + q' ox 

x a 0 (91) 

The additional term mC 8 6/Bx, which is negative, represents an effec- 

tive reduction of the heating rate at a point x as this point moves down the 

temperature gradient.   The term q is defined by 

q = Q(xtt) -  ?svö(x) (92) 

6 

where Q = - (SE/Bx) is the local heating rate due to the external source 

and the second term accounts for the energy removal by vaporization at 

the interface, which is to be computed. 

The physical model is that of an initially cold solid, which is heated 

by the incident flux until the surface temperature reaches H_/C   , at which 
C      V 

time vaporization begins.   On the assumption that at a time t the depth of 
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the conductive front ^/aT(where a = k/CvPo is the thermal diffuaivity) ia 

large compared with the characteristic depth of the solid in which the 

source E is deposited, the temperature is given by the general formula (Ref. 2) 

(cf.  Eq.   (24) in Section 1): 

m*fmK'Krmt M e-* M«('- f) dt. V   o 
(93) 

ft - t' 

If, as is usually the case, the deposition depth can be neglected by the time 

the surface begins to vaporize, then this time t   can be determined from 

Eq. (93): 

0(O,t ) =K-/C     =(JrkCvP 
C    V V   o 

fUZ I   k(o.V) dt 

- >/t  - t« 
(94) 

At time t   the temperature distribution near the surface, given by Eq, (93), 
c 

may be expanded in powers of x: 

0(x,t ) =■— 
C     cv 

CE(0,t) 
(95) 

which implies that the conductive flux at the surface 

c 
i    d0\ 

. 
(96) 

is equal to the source flux E(0,t ).    This is equivalent to stating that there 

is (for t st ) no surface singularity to make the energy flux discontinuous. 
" c 

It is also the case that the distribution of temperature defined by Eq. (93) 

is roughly exponential in x, and that this general shape holds at later times 

as well.    The approximation 

v 
t s t , x^O c 

(97) 
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where, according to Eq. (95), 

z(t ) = 
C    E(0.t ) 

V C 

(98) 

is therefore not unreasonable, particularly in view of the fact that the de- 

tailed spatial distribution of temperature in the solid is not of interest. 

The specification of the function z(t) may be made by substituting 

Eq. (97) into the two first-derivative terms of Eq. (91) and integrating 

over xfrom -0 to 00; 

PoHC I "    ^c(00) -  ^ -^C + ^ - ^SV (99) 

Since the conductive flux vanishes at infinity, and also at -0, which is be- 

yond the interface, the result is 

dz 
dt ^"c 

(EfO.t) - mill (100) 

where H, the total specific energy for heating aid vaporization, is given 

by 

riiH = <psy + mHc a m IHC + 1^ + cf/2   + ( y - 1)HJJ (101) 

(which follows from Eq, (79) withu /c, « 1).   The differential equation 
a    1 

(100), with initial condition (98) therefore describes the advance of the 

conductive front in a straightforward manner, and provides a simple ap- 

proximation to the true solution of the heat conduction equation.   The ex- 

plicit difference representation of Eq. (100) is solved at the conclusion of 

each cycle, following the vaporization procedure described above.   The 

conductive flux, Eq. (96), is then calculated as 

kH 

^c = C^) <102> 

and the quantity <p    , defined by Eq. (77), is then updated. 
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2.4. APPENDIX;   GLOSSARY AND USAGE OF HECTIC VARIABLES 

Tables I and II list those variable names in common storage which 

are currently in use,and their relative locations, definitions, and defined 

values, if any.   All units are in the cgs system, except for temperature, 

which has units of electron volts.   A "specific" quantity always means 

"per unit mass, " i. e.,  "per gram.'    Variable names followed by an 

asterisk are input quantities. ' 
* 

Various quantities associated with boiling are stored in the SOLID 

array.    For each value of the radial cell index I, there may be up to 20 

such quantities.    Since the total array size is 400, a maximum of 20 

"boiling" cells is permitted.    With the assumption that J = 20 (I - 1) +1, 

the quantities SOLID (J+N) are defined in Table n for various values of N. 

Table IH is a cross-referencing of all the variable names and the 

subroutines which use common storage.    As "X" in the table indicates 

that the variable listed on that row is used at least once by the subroutine 

listed in that column. 

t 

■ ■ ■ 
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STORAGE 

Variable name 

Table   I 

LOCATIONS AND DEFINITIONS OF VARIABLES 
USED IN HECTIC 

Loc 

PR0B 1 

CYCLE 2 

DT 3 

PRINTS* 4 

PRINT L* 5 

DUMPT 7* 6 

CSTOP* 7 

PI e 
SCYCLE * 10 

SPR0B * 11 

ETH 13 

FFA* 14 

FFB * 15 

XMAX 18 

DNN 23 

DMIN* 24 

DTNA 26 

NC 30 

NPC 31 

I MAX 33 

IMAXA 34 

JMAX 35 

Definition 

Problem identification number 

Cycle namber 

Time step Atn 

Cycle frequency for short prints 

Cycle frequency for long prints 

Cycle fr'jq >ency for tape dumps 

Maximum allowed cycle number 

3.1415927 

Start cycle number; if positive will 
search dump tape; if zero will gener- 
ate mesh and start from time zero 

Problem identification number; used to 
check against PROB read from 
restart dump tape 

Total energy in system 

Maximum allowed increase in At per 
cycle (2,) 

Minimum allowed At (lOsec) 

Largest value of the radial coordinate 

Used in EDIT to calculate th i energy 
check number ECK 

Maximum allowed value of ECK 

Time step on previous cycle At n-1 

Integer value of cycle number 

Number of cycles between short prints 

Number of zones in the radial direction 

IMAX -1-1 

Number of /tones in the axial direction 

27 
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Table I 

STORAGE LOCATIONS AND DEFINITIONS OF VARIABLES 
USED IN HECTIC (Continued) 

Variable name      Loc 

JMAXA 36 

KMAX 37 

KMAXA 38 

11 47 

12 

Nl * 

N2 * 

N3 * 

N4 * 

ECK 

48 

51 

52 

53 

54 

N7 57 

NRM 62 

TRAD 63 

SN* 65 

76 

Definition 

JMAX +1 

(IMAX) (JMAX) + 1 

KMAX +1 

Active grid counter in the radial direc- 
tion + 2 

Active grid counter in the axial direc- 
tion + 2 

Input to SETUP; number of Ax j'8 or 
Ayj's 

Input to SETUP; number of Ax 2*8 or 
Ay z's 

Input to SETUP; number of Ax   's or 
Ay3,8 

Input to SETUP; number of Ax/8 or 
Ay4

,s 

Dump tape number 

Maximum permitted number of radiation 
cycles per hydrocycle; currently 
inoperative (bypassed when SN<0) 

Radiation time step (currently not used) 

Switch in PHI to cause backward integra- 
tion in time to co  rect the integration 
of internal energy (this occurs when 
SN= O and UT > O)   (-1.) 

Energy check criterion.    At the short- 
prinv cycle frequency,  the relative 
error between ETH and the sum over 
cells of internal and kinetic energy is 
formed and stored in WSA.    The differ- 
ence between WSA and its value at the 
•ast short print cycle,   divided by 
NPC,  is the quantity ECK 
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Table   I 

STORAGE LOCATIONS AND DEFINIT    NS OF VARIABLES 
USED IN HECTIC {Cot .nued) 

Variable name       Loc 

T 84 

SI 90 

HVB * 100 

HCB * 101 

SVS ♦ 103 

ATOM * 104 

CV ♦ 105 

GV * 106 

ANN* 110 

EZERO * 111 

PW * 112 

CAPS * 113 

HNU* 114 

COE * 115 

SCR 116 

ISR * 117 

SCDR nit 

AHN 119 

DTH 120 

Definition 

Total time to cycle N 

Error flag.    Its value indicates the sub- 
routine in which the error occurred 

Heat of vaporization (specific) 

Heat required to bring solid to boiling 
point (specific) 

Specific volume of solid 

Atomic weight of material 

Specific heat of solid 

y of vapor at vaporization temperature 

Exponent for laser pulse function 

Total laser pulse energy per unit area 

Pulse width at half-maximum for laser 
source 

Laser absorption coefficient in solid 
material 

Laser photon energy (ev) 

Coefficient used in calculation of laser 
absorption coeff.  at temperature 
below 2 ev. 

Incident laser flux: derivative of the laser 
pulse function 

Index of largest radial zone irradiated 
by source 

Duration of source 
10 2 

8. 62 x 101U (AT0M * HNU) 

Shortest cell transit time in the mesh, 
i. e. the minimum value of Ax/u or 
Ay/v 

29 
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Table I 

STORAGE LOCATIONS AND DEFINITIONS OF VARIABLES 
USED IN HECTIC (Continued) 

Variable name 

FRCDTC* 

VAPE 

RADE 

CNDE 

Loc 

IH 121 

JH 122 

DTC 123 

IC 124 

JC 125 

RFT * 126 

CDUT * 127 

HCP * 128 

HH 129 

CO 130 

J5* 135 

SVMAX * 138 

139 

140 

141 

142 

SCRE 143 

IV 144 

JV 145 

Definition 

I value of cell determining DTH 

J value of cell determining DTH 

At determined by Courant stability 
condition 

I value of cell determining DTC 

J value of cell determining DTC 

Reflectivity of target surface to laser 
radiation 

Conductivity of target material 

Energy of gas at zero temperature 
- (H +H ) 

c     v' 
Enthalpy of gas at the boiling point 

Sound speed in gas at the boiling point 

J value of vapor zones adjacent to the 
solid-vapor interface 

Maximum specific volume allowed at 
free surface; no mass flows to the 
outer cells if the specific volume 
exceeds SVMAX (10 14) 

Fraction of DTC used to determine 
At (0.5) 

Total internal and kinetic energy in vapor 

Total reflected source energy; this 
energy is lost from the system 

Total energy conducted to interior of 
target 

Total incident energy from source 

I value of cell which determined DTVF 

J value of cell which determined DTVF 
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Table   I 

STORAGE LOCATIONS AND DEFINITIONS OF VARIABLES 
USE.D IN HECTIC (Continued) 

Definition 

I value of cell which determined DTUF 

J value of cell which determined DTUF 

Axial free surface velocity time control 

Radial free surface velocity time control 

Constant used to compute laser absorp- 
tion coefficient 

Radial coordinate,   measured to outer 
boundary of cell 

Radial momentum flux across left 
boundary in PH2 

Weighted velocity on left boundary of 
cell in PHI 

Axial momentum fiux across left boundary 
in PH2 

Mass flux across left boundary in PH2 

Pressure on left side of cell in PHI 

Temporary storage in INPUT and EDIT 

Total specific energy flux across left 
boundary in PH2 

Cell temperature 

Axial coordinate,  measured to upper 
boundary of cell 

Specific internal energy of cell 

Mass in cell 

Radial cell width 

Axial cell width 

Cell pressure 

Working storage in PHI and PH2 

Variable name Loc 

IÜ 

JU 

146 

147 

DTVF 148 1 
DTUF 149 

Ell * 150 

X(I) 152 

FLEET (I) 205 

UL(I) 205 

YAMC (I) 305 

GAMC (I) 405 

PL (I) 405 

PR (I) 405 

SIGC (1) 505 

THETA (I) 605 

Y (I) 1806 

AIX (I) 1907 

AMX (I) 3109 

DX (I) 4315 

DY (I) 4367 

P(I) 4472 

PIDTS 5674 
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Table   I 

STORAGE LOCATIONS AND DEFINITIONS OF VARIABLES 
USED IN HECTIC (Continued) 

Definition 

Average of cell pressure and pressure in 
zone on the right 

X coordinate of cell center 

Cell density 

X coordinate of center of cell on the 
right 

Working storage in CDT 
Z 2) Area of ring I: ""(xi+j    - Xj  ' 

TAU (I) * DT in PHI 

X-component of cell velocity 

Weighted c.verage of cell velocity U(I) 
and cell on right 

Recycle variable in PHI (-1, 0,    or +1) 

New At for recycling in PHI 

(Max.   U or V)/(Min.Ax or Ay) in CDT 

Y- component of cell velocity 

Velocity V in cell above 

Velocity V in cell below 

Tag in PHI to note pass number 

Laser radiation flux arriving at 
solid-vapor interface 

Working storage 

Working storage 

Working storage 

Radial index 

Generator input: last card if = +1 

Generator input: x, Ax data if 0; y, Ay 
data if 1 

Variable name Loc 

PRR 5676 

RC 5933 

RH0 (I) 5935 

RR 7136 

SIG 7137 

TAU (I) 7190 

TAUDTS 7242 

U(I) 7244 

URR 8445 

UT 8446 

UU 8447 

UVMAX 8450 

V(I) 8451 

VABOVE 9651 

VBL0 9652 

VEL 9653 

W2(I) 9660 

WS 9761 

WSA 9762 

WSB 9763 

I 9774 

IWSA * 9779 

IWSB * 9780 
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Table I 

STORAGE LOCATIONS AND DEFINITIONS OF VARIABLES 
USED IN HECTIC (Continued) 

Variable name 

J 

K 

KP 

L 

M 

MZ 

N 

NK 

NK1 

NR 

SOLID (I) 

TEMP (I) 

FIOUT (I) 

CAP (I) 

KFIT (I) 

ISEND.   ISL 

IGOT0 

HEAD (I) 

Loc Definition 

.J2 Axial index 

9836 
■ ■ 

9838 

9841 

9842 

9848 

9849 

9850 

9852 

9854 

9905 

10305 

10317 

11517 

12717 

13917 

13918 

13919 

Cell index,  a composite of I and J 

K +IMAX 

Running index in certain loops 

Running index in certain loops 

Number of words in the Z array       (150) 

Temporary storage for zone index 

Working storage 

Working storage 

Number of radiation cycles per hydro- 
cycle (currently inoperative) 

See Table II 
■ ■     ■ 

Temporary storage 

Source energy flux leaving cell 

Used for both KLa^er an<* ^ 

Array for packed flags 

Indicator for last cycle 

Indicator in EDIT for type of print out 

Storage for problem Identification 
heading 

■ 

• 
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N 

1 

2 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

19 

20 

Table   11 

LAYOUT OF VARIABLES STORED IN SOLID 

Definition 

z, an effective conduction length for calculating the 
conductive heat loss at the surface 

^SV  the net heating rate at the surface 

Ec,  the total heat loss into the interior 

<PB,  the incident laser energy delivered per unit area 
up to time t 

Not used 

m,  the mass ablation rate 

m,  the mass ablated per unit area 

^s, surf .  the incident laser energy delivered to the 
surface per unit area up to time t 

Not used 

P^,  the vapor pressure at the interface 
Ptest ^8ee discussion of boiling) 

P0,  the pressure on the solid side of the interface 

I,  the impulse per unit area,  found by integrating P0 

Mass ablated on this cycle 

Vj,  the velocity of injection of vaporized matter 

Not used 

Not used 

Not used 

Not used 

Not used 
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2. 5.    APPENDIX: LISTING OF HECTIC 

«I 
c 

FOR  MAIN» MAIN/FJ 

HtCTIC PH06RAM MOOiFIEU 7/3U/66 

C 

c 
c 

MAIN FOH  INTER COUt 
NOTE —— I  MATEKIAC (X) ONLY 

CALL INPUT 

CALL EUIT 

CALCULATES TIME bTEP ANU PRESSURES 
10 CO. CUV 

SOURCE ROUTINE 
CALL SCRC 
CALL UOIL 
VELOCIIT AND ENEKGT CHANGE UUE TO WORK TERMS'ONLY 

20 CALL PHI 

VELOCITY ANU ENERGY CHAN6ES DUE TO MASS TRANSPORT 
CALL PH2 
CALL EDIT 
GO TO 1-0 
END 

45 
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«I f-OH    CAHUS»   CARDS/FJ 
SUBROUTINE CAMUS 

rÄII5«SION TAÖ,-E<i»'C*«0(7),LABLt(l»#CAHU(18) 

tauIWALtNCE(TABLE «11» LAW.E(1)) 
«HITL (6»10) 

ir l lLNUtbU«7i »0 TO lb 

IF(lABS(NUMNPC-t»).6T.3) 60 TO 20 
UO *■ Isl»NUMWPC 
•Mite«!*! 
IF(ILNU-2)2>&»2 

ö LAüU<J)=IFlX(CAHÜ(n) 
öO TO <♦ 
TAULL(J)sCAKU(n 

CAKU0010 

CAKÜ0030 
CARUOObO 
CARuoorn 

4 CONTINUE 
IF(IENU-l)lf3»l 

3 RETURN 
lb KEAD(b.lb)ICAHD(l)»l=l,l6) 

riHITE(b»17)(CAHD(Z)»I=i»16) 
bU TO 1 

20 NRITE(br21) 
CALL EXIT 

FORMAT!» 
10 FORMAT(20H1HECTIC  INPUT CARDS///) 
11 K0RMATUl»16»Ii»UP7E9.«W2A5) 
12 FORMATdH 2Ab.I*»I7»I3»1P7E1«»,6) 
lb FORMAT(16A5) 
17 FORMAT(IX.IbAb) 
21 FORMAT(20X.2HH THE ABOVE CARÜ IN ERROR) 

ENO 

CARU0100 
CAKÜ0110 
CARU0120 
CARU0130 
CAR00140 
CAHÜ0150 
CARD0160 
CARÜ0170 
CAR00180 

CAR00190 

CARU0230 

• 
■ 

• 

■ 
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t 
t 
c 

tu«      IMI'UI«    INI'DI/IJ 
I.UllHüUllUI.    INIMJF 

c 
c 
c 

nin/iMi/d 

l> 1 M M I u 
1.11 Ml I IS I JN 

1U(12UU). V(it,U0)» AMXd^dlJ), 
2riit:TA(i«iuu)» miodauu).     noutd^ou). 
JPULC^bbKiWKbUJ.^C.UJ.rt.WSCDilAlJLMCill), 
i*UKtb*)t ACjJJ)» XXIi^lr l)r(l()(U, 
i*FAU(lt>)i        AMKdUJ.        CMlMt «Kd'^r 
oFAUJb^). I'LC^UU). »JH(^0U). Ul.(2ilU)# 
7KLt.rTdüÜ).YAMCdliÜ».SIi,CdOO).l,AMCdlin)> 
01.(50),SOL Ul(<«()(l). iLMCd.» »MLAtldi») 

AIXd,'(((l>, 
tAJ'dJ'riOJr 

Yd0(1) i 
/(HIO)I 
11(1(20(1). 

K) dd;'0(i), 

YYdUi). 
I/dSO). 

tüMMüN 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

All) 

uY 
P 
lJUL 

»XX 
fAlX 
JHOUUCI: 
ft. 
•HAHuVfc 
»OUT 

»AM 
'ÜOXN 

• PIJLO 
• HC 

K«^bi(Mt(UUO^L.1Jl•ITCH 

ULulUIVALLNCL 
l(^('*)»P«lNTb), 
2(^(6)>PIUY)> 
<i(l(U)»bAMX)* 

l>(<d(2ü)»TYMAX)» 
b(^(2'»).UMiN). 
7(^(2ü)»NPH). 
a(i(3<:>iNHC)t 
9(^(3t>)fJMAXA)> 
ObutUIVALLNCt 
uumumü), 
2(^(<t7).U)» 
3U(51).N1). 
«K/(5t,).Nb). 
b(^(5V)fN9)> 
b(^(6J),THAÜ>, 
7(/(67).HADEH). 
«(^(7i).Ht^CT)» 
S»(^(7b).T0^0Nt)» 
OtUUIVALtNCt 
i(^(8ü)»CAULN)f 
2(^(06) tl*bbU)i 
.JU(9ü).Si). 
<*(Z(9it)»bb)» 
b(^(9b)»b9)> 

OCUUIVALLNCt 

TAUUT: 
UU 
VULU 
VVAliUV 
MbA 
XK 
I 
IWbli 
JK 
U 
ML 
NO 
FIOUI 

Q   U 

TAIJOTX 
fUUU 
»VEL 
»VVULO 
»*bH 
fYL 
»II 
• IMSC 
»K 
• M 
>Ml 
>NK 
»CAP 

• UTEK 
»VK 
• M2 
»wsc 
»YLW 
• IN 
• 1*1 
»KIJ 
oMA 
• N 
»6 
»KFIT 

»PH 
• AMU 
• DDVK 
»FS 
»piors 
.«,-.2 

. IAHLM.TAII 
• UK 
•UVMAX 
• VT 

• Tt« TA 
• AMX 
»nVK 
• FX 
»HPWIIDV 
»R(IO 

• W3 
• XL 
• YN 
• IK 
t4 
»KP 
»MB 
»NK 
»bOLIU 
»IbENU 

»im« 
»V 
»VTIF 
»WPS 
»xLr 
»YU 
• iws 
• JN 
»KR 
»MC 
»NKMAX 
»TEMP 
»leOTQ 

»YY 
»AMI A 
»OX 
»OUT 
»PHR 
»Kl. 

»l)T 
»VAIIUtff 
»VV 
• WS 
• XN 
»/MAX 
• I WS A 
»JC 
• KHM 
»MU 
»NK1 

»KEAU 

, 

1        V       i 
il'Uti'HOG), 
{2(b)»(HlNTL)» 
(2(9)»TMZ)» 
(Zd3)»tTH)» 
(Z(I7).TMXZ). 
(2(21)»AM0M)» 
(2Ub)»FEF)» 
(2(29)»NPR1), 
(2(J3)»IMAX)» 
(2(i7)»KMAX)» 
(2(<»U)»NU)» 
(Z(44)»N0PlO» 
«Z(HÖ)»I2)» 
(2(b2).N2). 
(2(bb)»N6)» 
(2(00).NIG)» 
(Z(ü<«).XNKb)» 
(2(oä)»«ADLT), 
(2(72)»H'iTüP). 
(2(7o)»ECK)» 
(2(79).X2)» 
(2(ü3)»VISC)» 
(2(U7)»WS6X)» 
(2(91)»b2)» 
(2(9b).Sb)» 
(2(99)»S10) 

(2d00»»l(VU)» 

U      E       N      G 
(2(2)»CYCLE)» 
(2(b)»UUMPT7)» 
(2dO)»SCYCLr). 
(2di«).FFA)» 
(2d8)»XMAX)» 
(2(22)»AMXM). 
(2(26).DTNA)» 
(2(3ü)»NC)» 
(2(JU)»IMrtXA)» 
(2(J8)»KMAXA). 
(2(<tl)»KDT)» 
(2(H5)»NIMAX)» 
(2(49)»I3). 
(2(bJ)»N3)» 
(2(b7)»N7)» 
(2(61)»N11)» 
(2(b5)»bN). 
!2(69)»KAÜEM)» 
(2(73).SHELL)» 
(2(77)»SHÜUNÜ)» 
(2(M0)»Y1). 
(2(Ü<»)»T)» 
(2(öa)»GMAüH)» 
(2(92)»S3)> 
(2(96)»S7)» 

(2(101)»MCH)» 

(2(3).UT)» 
(2(7)»CST0P). 
(2(11)»SPR0H)^ 
(2(15).FFlU. 
(2d9).TXMAX)» 
(2(23) »[)NN)» 
(2(27)»CVlb). 
(2(31).NPC). 
(2(35).JMAX). 
(2(39).NMAX) 
(2(<»2).IXMAX:. 
(2(i»6)»NJMAX)» 
(2(50).lit). 
(2(54).N<»). 
(2(5A).N8)» 
(2(62).NRM). 
(2(66).DXN). 
(2(70).OTRAO). 
(2(7<»).IU10UNU). 
(2(76).XI) 
(2(R1).Y2). 
(2(fl5).GMAX). 
(2(fl9».6MAXR). 
(2(93).S*»). 
(2(97).SH). 

(2d02>*C(4)» 
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junib).tüt>» 

«(^(1^7)»CUUT). 

8U(U9)>i--RCUTCl 
ütUUlVALLNCL 

^t/(l«»7).JUJ. 

Ut.lilUIVAU.NCL 
l(HH(lüü)»SIÜt). 
<>IUK(lb)rAMK)» 

U( 101«) »ATOM)» 
(i<l08)»UErA)» 
mmitPMi» 
(Z(U6)>SCH)i 
(ZU20)füTM). 
(2(12<»)»IC)> 
(2(128)»HCP)» 
(ZU32)»J2)» 
(2(1J6)»U6)» 

(Z(JH0)»VAPE). 
(2( '♦'♦»»IV)» 
(Z(m8>»DTVF)» 

UX(2)»XU))i 
(PR»PL»(JAMC)f 
(UK<31»»PK). 

(2(105»)»CV). 
JZ«109)#AUO). 
12(113)»CAPS)» 
(2(117)»!»«)» 
(2(121)»IH)* 
(2I12S)»JCI» 
(2(129)»HH)» 
(2U33)»J3)» 

(2(1^1)»RADE)» 
(2(1<I5)»JV)» 
(2(lH9t»0TUF)» 

(UR»UL»)-LEFT)» 
(0KE»THETA)» 
(URU6)»0K)» 

(2(106)»9V)» 
(2I110)»ANN)» 
(2(lli|)»HNU)» 
(2(11A)»SCDR)» 
<2(122)»JH)» 
(2(126)»RPr)» 
(2(130)»CO)» 
(2(13<I)»JH)» 
«2(138).SVMAX)» 

(Z(I«I2).CNDE)» 
(2(1<I6)»IU)» 
(2(1S0)»EI1) 

(UR(100)»YAMC)» 
(URrTAB)» 
(yy(2)»V(l)) 

o 

ibtNU SET tQUAU 10 1 ON THE FIHUT CYCLE 

C 
C 
C 
C 
C 

ibENU=l 

C 
C 

•N7» EITHER 
bLT TO «ll« 
N7=10 

5.ET TO »10» (OLD 
(NEW DUMP TAPE). 

DUMP TAPE) OR 

C 
C 
C**** 
C 
1000 

100H 

lUOb 
loot 
1023 

HtAO(b»UU04) (HEAU(1)»I-1»12) 
WRITL(b»aü0b) (HEAl}(l)»l:l»12) 
CALL CAHUb 
IFMSCYCLE.bT.O.) 00 TO 1000 
CALL SETUP 

INPU10J0 

INPUlObO 

INPU1510 
INPU1!>20 

KEAÜ       TAPL   ♦»♦»♦♦♦♦♦♦♦♦♦»♦♦♦♦♦♦»♦♦♦♦♦♦♦♦♦»♦♦♦»»♦♦♦♦♦♦♦»«♦•♦INPUIS'^D 
INPU1530 

Iü2<» 
102b 

C 
C 
c 
mo 

c 

bO 

bb 
bb 
b7 
b8 

M2=lb0 
REWIND 10 
KEAD(IO) WS»CYCLLfPRüU 
IF(WS-bbb.)lOOt»100b»lOOH 
Jfi bPROU-PROB)9902»1006»990^ 
IF(SCVCLE-CYCLE)9903»1023»lüOU 
RbAO(10)(2(I)»Isl»M/.) 
READ'. 10) (U(1)»V(I)»AMX(I)»AIX(I)»P(I)»THETA(I)» 

I  RHO(Ii»FIOUT(I)»CAP(I)»KFIT(I)»I=l»KMAXA) 
READU.U) X(0)»(X(1)»TAU(I)»I=1»IMAX) 
:<EAD(1CMY(I)»I30»JMAX) 
IF(CYCLE)990*»»1040»1U25 
READ(10)(W2(I)»Ul»bü) 
READ(10)(SOLlD(I)»Isl»*>00) 
END OF READ TAPE *«««*«****«***«<»*****«*«*«**************<M*******INPU?000 

INPU2010 
INPU2020 
INPU1110 READ IN REMAINING INPUT CARDS 

CALL CARDS 

GENERATE DX ANU DY 
UO SO UlflMAX 
UX(I)=X(1)-X(I-1) 
UO 5b J=l»dMAX 
UY(J)sY(J)-Y(J-l> 
IF(SCYCLE)990b»60»b7 
WRITE(b»bB) NC 
FORMAT(29H0 PHOULEM RESTART FROM CYCLE»110) 

■ 

INPU2030 
INPU1330 

INPU1350 
INPU1360 
INPU1370 
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HtTUhN 

bl=3.lüUb 
(iU TU 9999 
bi=3.1ÜUb 
00 TU 9999 
UlsS.lU«!'» 
«>U TO 9999 
bl = 3.Uüt>o 
CALL LUIT 

LKKON 

6U 

C 
C 
99UÜ 

9904 

9904 

990b 
9999 

C 
C 
c FORMAT;, 
BOO«» t-ORMATUüAb) 
aOOb R)HMATIlHt»l2Ab) 

LNU 
■ 

i 
; 

■ 

■A; 
. . ■•■i>> 

t    v<...s1. 

- Si;*. 
• 

• " i--' ^ ,   ,   \l9 
■ 

■ *.#:• 

i«. 

■ m< - „  >£« 

' . »Ä tt 

irtfuzeoo 
IUPUZZIO 

INfU22!)0 

INPU2270 

INPU2290 

lNr*U2390 
INPU2470 
INPU2«aO 

INPU2530 

■ 

■ 

. 

■ 

■ 

i 
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ut 

c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 
c 

FOH tUU. tUIT/M 
iUüRoUUNt tun 

U   1   M 
LDITOOln 

N I II 

YtlOO). 

UIMLN'JIUN 
lUdZUU),     \HU00), AMXd^UO).   AIX(U00>. 
Jw^I^iflfi.M^?1!8?9*! ««»TltfWIi CAff 12001, 
^,UL««;üb).II»UbO>»l»2(t)ü)tWJ(bO)»TArJLM('jO»' 
«»üX(bi), X(b3)» XX(5«»)t ür(lU0)i 
bTAU<ib)t AMK(lb). HKU5). UK(lb)» 
bTAUCb^). MH20Ü)» PH(20U). UU200). 
7PLtFT(10ü).rAMC(lü0).i,lOC(lU0)föAMC(l00)» 
a».<b0).SÜLlU(Hü0).TEMH(li:»,HtAU(12> 

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

ütÖUlVALtNCt 
iUCO.PKlNTS)» 
2U(8)»HIüV)» 
3(^(12)»0AMX). 
<»(Z(lt>)»TMU2)» 
b(^(20).TTMAX). 
b(2(2HI»UMIN)» 
7(l(2ö),NPK)» 
»(2(32) »NRO» 
9(2(3b».JMAXA), 
OKOUIVALENCE 

3(2(51)»N1). 
l»(2(5b),Nb)» 
5(2(59I»N9>, 
fa(2(6J).THA0)» 
7(2(67)»RAUER). 
aU(71).RE2FCT)» 
9(2(7b)tTO20NE)f 
ObOUIVALENCE 
1(2(82).CAOLN)» 

»'(1200). 
KMT(120U). 

VYdOM. 
12(150). 

tOIT0990 

2      .XX »UK     «PR .THETA  .YY 
A!U   .AIX »AM     .AMU .AMX   .A 
UIG    .UOUNCE .UUXN   »UDVK- .DVK    .UX 
UT    .E .FU     .FS »FX    .OUT 
H     .PABOVE .PBLO   .P10TS .PPAIIOV .PRR 
PUL    .OUT »HC    .RE2 «RHO    .HL 
RR.blO.OOOOI-L. SK1TCH .TAHLM.TAU 
TAUUTS .TAUuTX • U     .UK .URR   .UT 
UU    .UUU »UTEF   .UVMAX 'V     .VABOVL 
VBLO   .VEL »VK    .VT 'VTEF   .VV 
VVAUOV .VVBLO • l»2    .W3 .WPS   .WS 
«USA    . WSÜ .XSC    .XL .XLF   .XN 
XR    »TL »VLW   .YN •YU    .2MAX 
1      .11 »IN     .IR .IMS    .IWSA 
IMSB   .I*SC .1*1    .J .JN    .JP 
JR    »K »KN     .KP .KR     .KRM 
L     .M .MA     .MB .MC    .MD 
Mt    .M2 »N     .NK iNKMAX  .NK1 
NO   ,m •6     .SOLIU .TEMP 
HOUT  .CAP »KFIT   .ISENO .IGOTO  .HEAU 

EUIT0920 

U   I   V A  L  E  N C  E 

(Z.12.PROB). (2(2).CYCLE). (2(3).OT). 
(2(b)iF'R|NTL). (2(b).0UMPT7) .   (Zm.CSTOPI. 
(2(9).rM2). (Z(IO).SCYCLE).  (2(11).SPR0B). 
(2(U).ETH). (2(1'»).FFA). (2(15).FF8). 
(2(17).TMX2). (2(18).XMAX). (Z(19).TXMAX). 
(2(21).AMOM). (2(22).AMXM). (2(23)»ONN). 
(2(2b).FEF). (2(26).UTNA). (2(27).CVIS). 
(2(29).NPR1). (2(30).NO. (2(31).NPO. 
(2(33).IMAX). (2(3<»).IMAXA) (2(35).UMAX). 
(2(37).KMAX). (2(38).KMAXA)i (2(39).NMAX) 
(2(H0).N0). (2(m).K01). (2(42).IXMAX). 
(2(<»<»).N0PH). (2US)>NIMAX)I (2(«»6)»NJMAX). 
(2(<tB).l2). (2(i»9).I3). (2(50).14). 
(2(b2).N2). (Z(b3).N3). (2(5<»).N<»). 
(2(b6).N6). (2(b7)»N7). (2(58).NS). 
(2(60).NIO). (2(61)«N11). (2(62).NRM). (Z(b«).XMR(>). (2(65).SN). (2(66).DXN). (2(bH).l, 'Otl). (2(69).RAUEH). (2(70).DTRAO). 
(Z(72).KbT0P). (2(73).SHELL). (2(7U).HBOUNO). 
(2(76).ECK). (2(77).SBOUND) .  (2(78).XI) (2(79).«?). (2(80).YD. (2(81).V2). 
(2(ö3).  .C). (2(öt).T). (2(85).6MAX). 
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c 
c 

c 
c 
c 
c 
c 
c 
c 

MKW) »:>!>> i 

UttiUIVALLNCL 

2(^(107).bUMKD» 

3(Z(llb)>C0ti> 
<t(i(U9>.AMN)r 
b(^(l£J).üTC). 
X(Z(127)ICUUT)» 
b«/(UlJ,Jl), 
7U(lJb).Jb)» 
tfUm9)fKHCUTi.i 
>tUUIVALtNCt 

OtUÜlVAI.tNCt 
l(PR(10ü)»SIbC)> 
2(UK(lb)»AMK)> 

(^(108) 
(^(112) 
UUlb) 
(2(120) 
(2(12i»t 
(2(120) 
(2(1J2) 
(Z(lJb) 

• HVID» 
»ATOM). 
•UtTA)« 
• PW>- 
.SCK). 
»UTH). 
tlOi 
»HCP». 
• J2)» 
»J6). 

(Z(l<*0)»VACb)» 
(2(i«m>.iv)» 
<2(l<*8r»0TWK»» 

(XX(2>rX(l})f 
(PH»w..(iAriC)» 
(ÜH'JD.PK). 

IbENU = It K1HST CYCLt 
IbENU = 2» INTEHMtDUTE CYCLES 
IbENÜ > i»   LAST CYCLE 

101 
ioa 
109 
110 

lib 

117 

118 

119 

130 
i21 

125 
12b 
mo 

c 
c 
c*»** 
c 
c 

1 

U(W8)»(iMAI)H). 
(2(92)»SJ)f 
(2(9b).b7)» 

1 '      ) .   •    >  ■ If; 

.NCSI. 
• CV)> 
»ALCO). 
'CAPS)» 
flbH)» 
fill)» 
iJGIt 
*HH)* 

(2(101) 
(2(10b) 
(2(109) 
(ZUU) 
(2(117) 
(2(121) 
(2(12b) 
(2(129) 
(Z(13J) 

(ZdlDfRAUE)» 
(2(l<»S)»JV)f 
(2(l<»9)fOTUF)> 

(UK.Ui..FLtf-T). 
(DKEJTMETA)-» 
(UKUbliQK)» 

E U I r 
IbOTüsi 
00 TO(büUO»lül»lUl)»ISENU 
lF(Sl>bT.O.) faO TO 11U 
lF(CYCLE-CbTOP)llS»109.115 
bl3<».ülü8 
I&ENU=3 
AUL  PHINTS PLUS WHITE ON BINARY TAPE 
bO TO bOOO 
1F(AM0Ü(CYCLE.PRINTS»)118.117.118 
SHORT PRINTS ONLY 
lbOTO=2 
00 TO bOOO 
XF(AMOU(CYCLE»PRlNTL))l£0>119tl20 
LONG PRINTS ONLY 
lbOTO=3 
00 TU bOOO 
IF(AM0D(CYCLE»UUMPT7))12b»l21>126 
IF(IbOTO.EQil) GO TO bOOO 
IbOTO=l 
00 TO 1 
lF(lStNU.Eä.3) CALL bPRINT 
IF(AUS(i.CK),OT.UMlN) GO TO 9901 
RETURN 

(Z(09).GMAXR). 
(/(93)»Si|)» 
(2(97).SO). 

(2(102) 
(2(10b) 
(2(1111) 
(2(11«) 
(2(118) 
(2(122) 
(2(12b) 
(2(130) 
(2(13>>) 
(2(130) 

.CH). 

.GV». 
i AIM)» 
.MNU). 
.SCOR). 
.JH»» 
.RFT). 
• CO)» 
»J«)» 
.<rVMAX)» 

(Z(1*I2)»CNI)£)» 
(Z(l<»fa) IU). 
<2(lSa).EIl) 

(UR(100)»YAMC)» 
(UR.TAH)» 
(YY(2),Y(1)) 

EOITIOUO 

EOIT1030 
EDITllOO 
EDITlllO 
EOIT1120 

■ 

EDIT1500 

SUBROUTINE WTAbE ***'»«*****«*****«*«***«**«************«**4,*«*«,*«EDtTi520 
ÜUMP ON TAPE N7 E0IT1530 

XF ÜU,W'T7 ls HEGATIVE SUPPRESS ANY WRITING ON TAPE 7  EOITISM) 
lF(ISENU.Ee.l.ANÜ.N7.E0.10) 60 TO 126 
i^0üNPT7)30,3»3 EOIT1550 
Nb.bbb.O 
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m 

c 
c 
(,♦♦♦* 

bUÜU 
6010 
t>0U 

«IKlTt(N7)   WL..CrCLL rCKUll 

*)UTL(N/MU(n.V(n>AMX(l).AlX(n.f'lI),T(ltTA(I). 
1   CtlOUof 10UT(I).CA(M n.KMMD.in.KMAXA) 
«KlTLllxn   X(UI. U(I) .T,'.U(n.I-l.IMAX) 
i«KlTL(N7i(Yil)>I = U«JMAX) 
*KiTL(Nn  (w<;(i)>t=i>'j0) 
HlllTt(N7)(S»OLIO(l)'Ul»ltU0) 
ii^sftbto.u LüiriTjo 

«KITL   (b»U12U>NC E.ÜIT17bO 
wü  Tl)  l^b 
CNU 01-  MTAPL bUHHOUnrJL •*********************•*****«******•**•*•£' !T1770 

EUIT17B0 
EÜIT1790 

bUuRuUIlNL S P **«»««♦♦»♦*•*♦♦♦♦♦♦♦♦♦*♦♦♦♦»*♦**»*•♦♦»♦*♦.♦«**»#«»*EOITl0ü0 

bül9 
uU20 
6ü2b 

OU28 

DO 6012 1=1.1H 
PK(n=U.U 
ÜO bU2U K=2>KMAX 
»(bU=(U(K)»*2*V(K)**2)/2.U 
IK AMX (K) ) 9902 • 60281 t>Ü2U 
1-NK1 
Nb=AMXC. J 
PK(l»=  «<a)*AIX(K)«WS 
HH(2)=  H:U2)«MSU*NS 
HK<3)=  MH(2)*PR(1» 
CONTlNUt 
KbA=(tTH-PH(3))/tTH 
ttK  =(WbA-DNNI/FLOAT(NPC) 
ÜNN=MbA 
NPC=Ü 
«(KlTt.(t).bllu)PHOl)»NC.I.ur      .DTH.UTC.^(1'*H».Z(1'»9)»IM,JH.:C.JC. 

u/(m<f) r u u<«b) • u (i<«b > f iz (i<»7) 
if»RlTt(b»o902)    'H(l).PH(2)»PH!3)»VAPE»KAOE»CNOE»SCRE»ETH.ECK 
PK(1)=0. 
PK(2)=Ü. 
PK<3)=0. 
PK(<»)=U.O 
«KlTt(b>b904) 
Uü  6ü<40     1=1« ISH 
J=(I-1)*2Ü«1 
TtMP(l>=b0LlU(J«i2)/ 
TüMP(ülSS0LIU(J4>13)/ 
rtMPCJ):bULIb(J*o)   / 
TtMP(<0=büUUU*7)   / 
IK   bCK.Ntrü.)   GO   TO 
TtMPUtsU. 
rtMP(d)=0. 

bOJO CONTINUE 
PK(l)   S  PH(1)   ♦      TAU(n»bOLID(J*b) 
PK(2>   *  PK(2)   ♦     TAU(l)»bOLlü(J+7) 
PK(3>   S PK(3)   ♦     TAU(n»SüHü(J+12) 
PK<U)   = PKC»)   t     TAU(n*äOUD(J*13l 
PW(5)   B PK(b)   *     TAU(I)*W2(1) 
PR(6)   s  PK(b)   ♦     TAUm*SOUü(J*e» 
PHt7)   s PK(7)   ♦     TAU(I)*bOLlü(J^2) 
PH(8)   I PR(tl)   ♦     TAUm + TtMPU) 
PH(9)   s  PH{9)   ♦     TAU(n«TEMP(2) 
PK(lü)= PH(10)   ♦  TAU<1)«TEMP(3I 
PH(U»= PK(ll)   ♦  TAU(n»TEMP<«»> 
t»KlTt<fa»b90b)I.SOLIÜ(J*b)»SOLlÜ(J*7).SOLID<J*12).SOLID(J*l3>»ti(2(n 

l»büLii;{J*8).bOLIU(J+2).TEMP(l).TEMP(2>.TtHPt3».TEMP<»») 
bUtO CONTINUE 

KHITt(b»b9Üb)(PR(n»I = l.lii 

EüIT18?n 
EUII1930 
Eüiri960 
Eüir2020 
EUIT175P 

EUIT2090 
E01T2lbO 

E0ir2230 

EUIT2340 
EDIT23bO 

EUlTITaO 

SCR 

SCK 
S0L1U(J-K*) 

o030 
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1*      'jUilKUUIlUI     ♦.♦*» »f.« •♦•»♦♦♦♦♦♦♦♦» 

urn 
lUJb 

1Ü1U 
1044 
11UÜ 
Hub 

U2t> 
XIJÜ 
li-V 
1134 
lUb 
1UÖ 
utu 
1142 
ll<»<t 

UbO 
llbü 

116b 
liau 
1200 
120*» 
1206 

120U 

1210 
1212 

1211* 
1224 

1240 
C**** 
c 
c 
€♦*♦♦ 
bOOO 

*************«****U)| r242f) 

I'Lul     •••♦••♦♦»»♦»♦«♦♦♦•♦♦»•»>♦♦»♦.»♦»♦*»♦»« »♦♦♦♦♦♦♦4 ♦•* I U Mi?')'>() 

L01I29rtO 
E;UII29'iO 
tuiiaoon 
LUIT3010 
EülTSOZO 
tlJlT3030 
tUIT3040 
LÜIT3übO 
tUir30bO 
tUIT.'OTO 

EOIT3090 

C 
c 
C»«**   jUliUUUTlNt 

IUÜÜ   COI.T1NUL 
«lIKirLCbfüUuX'KOiifNC» 1.1-1      »UTIMJrc •/( 14H) »Xt 149) > Il<> JM» IC* JCf 

U^(l44)>l^(14'j)>U(14o)»l/;(14n 
JMAX^JMAX 
MK1TL   (ü>U3U/)Xl»X2»XMAX«rl«Y?>Y(JMAX) 
M=l 
1H (JMAX-t>2) 1U34> lU3o>lÜ3b 
M=IAUi<bl-JMAX)/^ 
UU lUtU l-l.M 
WKITL (o.MJUt)) 
CUNTlNUt 
J:JMAX 
K=(J-l)*lMAX*t 
UÜ liMU 1-1.IMAX 
K=K*1 
PHdUlM 
IF(J-Jb-1)1136»1132«113b 
IKI-I1-1)1140.1134.1134 
IK(I-I2-I)1144»1144«113b 
lF(I-n-l)114Ufll3U>114U 
lF(J-Jb)114U>ll4ü>ll44 
lK<I-I2-lKlbü>1142»llbU 
IK(J-Jb)llbU>1150»1144 
Prttn-2H . 
00  TO   lltlü 

TEbT  KOH  X PAHTICU 
iKAMX(K) )9903*ll66>llbU 
HK(I)=2H  X 
OU   TU   lldO 
HK(I)=2H 
CONTINUE 
IF(MOU<J»b))1210*1204»1210 
IF(DT(J)-UY(J-l))120b»1208»1206 
WHITE   (b»e211)DY(J)»J»(HK(I)»I=l»IMAX) 
(iO  TU  1224 
NHITt   (b»a2Ul)J»(PK(I)»Isl»IHAX) 
bU  TO  1224 
1F(DY(J)-UY(J-1))1212»1214»1212 
«KITE   (b»8222IOY(J)*(PR(n»Isl,IMAX) 
bO  TU  1224 
WHITE   I6»6202)(PK(I)»I=1»IMAX) 
Jsj-l 
lF(J)123ü»1230»1100 
P«<Us2H - 
WHITE   (6»8201)J»(PKI1)»IS1»IMAX) 
«KITE   (6»a302)(I»I=Ü»IMAX»S) 
bü  TO(b0C0»ll6»9906)»IGüTO 
END OF    PLOT    SUbHOUTlNE  ••••••♦•••♦•♦••••♦•••♦•«•♦♦•••••♦•♦•♦••••EDITS600 

EDIT3610 
EDIT3620 

bUbROUTINE  L P  ♦♦♦♦♦»♦♦♦•♦♦•»»»♦♦♦♦•»»♦•••♦•♦♦♦»♦•♦♦»♦»♦»♦♦••♦•♦•*EuST3630 
CONTINUE 
«KITE(6»ttllblPKOu»NC»T»UT  •UTH»0TC»^U48)»Z(1491»IH»JH«IC»JC» 

1IZ( 144) »U( 14b) »U( 146) »12(147) 
bU04 UO 5050 IslflMAX 

LPPS1 
JSJMAXA 
KSKMAX41 
UU 5046 LSI»UMAX 
JSJ-1 
KSK-IMAX 

EÜIT3130 
E0ir3140 
EDiT3rjn 

EÜIT3240 

EÜIT33I0 

EDIT3420 
LUI13430 
E0ir3440 
E0IT3450 
E01T3460 
EOIT3470 
EUIT3480 
EOIT3490 
EDIT3500 
EDIT3biO 
EUIT3520 
EUJT3530 
EOIT3540 

EDIT3570 
EÜIT3580 

EO1T3700 

EDIT3720 
EUIT3730 
EÜ1T3740 
EDir3750 
EDIT3760 
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sum 
'julo 

'jUbO 

c**** 
c 
c 
c 

UAHiYCJ'jJ-riJ) 
l^ IAMX(K) »'WU^'JUMO«'.)() 14 
kj'J   ToCjUiO.bUJH» .UCC 

illtUTL(0>UU.>)I»X(l)>uX(l) 
bUlü   «KllLlo.KlU«)    J.U(K).V(K/ .('(K) . Ilif   rA(K) ,/*MX(K) , 

lAlX(K)»UHy(K) »f-IOOT(K) »t A('(K ) » Vl Al< 
bU4b  CÜNTINUt LUiriHJO 

tUNTiNUt tlJlT3H«ü 

tiJU 0»-        U  H     äUuMUUftlA.   ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦»•♦♦♦♦♦♦♦»♦♦♦♦♦♦♦»♦♦♦♦tOHJühO 
EUIMimi 

tMMüfi t0ir5H90 
bi=<«.uic:ü 
ifi)  To yyyy 

uo  Ty yyyy 
9'JÜ3 bl:<»,llt)ü 

oü TU yyys 
9904 bl=<«,büi^ 

tau  TO  9yS(9 
yyüb   ii=4.bUbl 

l»Ü  Tu  9999 
9906   bÜl.iaKU 

(   9999 CALL   bHKINT 
c tüIT^lUO 
C f^OKMAfb EüfftllO 

09Ü2  KyKMAr(//bX7HINT  LIJfa7X. 7MKll^ LNO./X» 7MlNT*KtN» 7X. 7HHVP  tN«»7Xf7HHA 
lü  tNO»7X»7H»,NU  tW(,»7X»7HbCR  LNG  /   3X.lM7tl<».7   //3<*X»7HTHt   eNG»7X» 
^7HKEL  LKH   /ÜXIP^LH, 7  //) 

ö9üi»  FyKMAK^H     J2X6HMÜ0T/A<*XJHM/A7XoHID0T/A'»X3HI/A7X7HESD0T/A3X 
2 «♦Mit>/At,X7HEUUOT/A3XBH(I/L)OOT2X3HI/t7X7HM/t   DOT3X3MM/t   /> 

b90t>  (;yHMAT<'3flHlltiU,3) 
0900 (-OKMATL/lXl^HSUM   TIMES  AHEA/3XU'11E10.3) 
»lüä  FürtMAT(13»lHllL10.3) 
öllb FüKMAr(   7H1     PMObbX#bHCYCLEbXtUHTIMtbXiiHDTtfX»3HDTH7X» 

1   ih0TC7X.<+HUTVF6X»UHUTU(-6X.2HIHiX.2HJH2X.2HIC?X»2HJC2X.2HIV2X.2MJV 
it  2Xi<iHIU2X»2HJU2A   /   1-7. l.bX. Ib» ix. IJ'bL 10.4.«I4   ) 

Ö12Ü  »•0KMAK1HÜ//21H   TAPE   7  OUMP  ON CTCLEIb////) EÜIT«»220 
Ö127 KyHMAT(i3.miP2El2.b.Ibl) EÜIT'»300 
«12« FURMAT(3Hü     2(lP2E12.b»bX)» 
ai3b KüHMATdH  //3H   I = 13»bX.faHX( 1)   =F12.3»bX. 7HDX< I)   =FI2,3/   3H     J  3X 

UHU9X»lHV9X.lHP9X.bHTHETAbX.'»MMASS6X»3HAIX7X»3HHH9TX.(4HFLUX6X»3HCA 
^i>^X^iH1   /) 

Ö2Ü1  FüKMAT(aü»2H   I54A2) EÜITHSbO 
9ü<»0 FORMAT (IM  /   bI6) EUIT<»370 
«202  FORMAT(10X»2H   I5<»A2) EDIT4300 
«21i  FORMAT(F7,l»I3»2H   Ib^Aa) EÜIT4390 
»222 FüRMAT(F7,l.3X»2H  Ib<4A2) EDIT«müO 
H3Ü2  FORMAT(112»1UI10) EÜIT4410 
Ö307ÜFORMAT(*>H   XI   =lPE12rOf3X»<*HX2   =E12.6» 3X.bMXMAX   SE12,6»6X»<*HVl   =E12EÜIT<H»20 

l.b»3X»^HT2   sEl2.b»3X»bHrMAX   =E12.6) EDIT'*<*30 
ÖJÜ6  FORMAT (IM   /) EüimHO 

tNU EÜITi»<»50 
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wl HUH  CUI. U)l/( J 

c 
( 

bUUMUUflM Cül 

0   I   H I   u I 0  u 

UlMI HjlOU 
lUUlüUI» v( l.'Uu) . AMX( 1/(10) , AlXdc'ddl«   t>tl'ifOUi* 
^IHtTAd^OU». «HO(l2Ul)),   HtüOI(|200) t   CAIM 1^0(1) •   H I T ( l,"(li|) , 
JCULCt^^i . IWi CU- ,i«^(', )) .l<i( .0) • IAt)LM( >0) • 
«♦IMibt», Al'jJ». AAi'j1*) , urdud).  Y(iuo)> mnu)« 
t>fAI)llb)< AMK( 1'J). PK(lb)» OKd • >•    /dhO)» I/dbO), 
«jfAUCj^) . Hl(2UU)» f'lW^OM) , uneaoit      im (ton), 
^LtFKlUO) .fAMC (1UU)i .lUC(lUÜ) . l.AMtdlld) . 
«0(bOJ»bOl.II)<4UIII»TlMt' < 1, ).))( AlKl. ) 
COMMON / >xx • OK • CK • THf fA • YY 
COMMON AID • AIX • AM • AMD • AMX • AMI A 
COMMON 1)10 »UOUNtl .imxri • ÜUVK • DVK »OX 
COMMON ur it itO »f5 • FX »OUT 
COMMON H »HAHOVL • f'ULO •fiors »PPAHOV »PHR 
COMMON HUL • OUT • HC • f<tz • HHO »HL 
COMMON UK, ,1 .»(,000) 1 . .•llf.M TAOLM.rAU 
COMMON FADUJ . .TAUDIX •u • UK • URH rUT 
COMMON UU »uuu • UTfF •UVMAX • V »VAMOVI 
COMMON VULO »VEL • VK • VT • VTL) »VV 
COMMON VVADOV »VVUCO • W2 rWJ »WPS »Wb 
COMMON MbA .«;.H • WbC • XL • XLF »XN 
COMMON XH »^L • YLW • YN • ru »ZMAX 
COMMON 1 • 11 • IN »IM • IWS • IWbA 
COMMON IWbl) • IMSC .1*1 »J • JN »JP 
COMMON J« >K • KN • KP • KR »K«M 
COMMON L • M • MA • MM »MC »MU 
COMMON ML .M^ • N • NK •NKMAX »NK1 
COMMON NO • WH • b »SOLID »TEMP 

c 
COMMON HOUI • CAP • KFIT •ISENU »IGOTO • HEAU 

c 
c 
c 

t   U   0 I   V A   L t  N C   t 

UbUUIVALLNCL (/.!/'.SJl<Üli) < (/(/?» »CYCCL) • (/(3).UT), 
U^(<*)»PKiNTb)» <Z(b)»>'HINTL)» (Z<b> .UUMPT7I • <Z( 7) »CSTOP)» 
2(/«fl)»PIUY)» (Z(V)»TMZ)» (ZdO)»SCYCLE)» (Z< U ) »SPHOB»» 
AUdiJJ.oAMX), (ZU3)»LTH)» (Zd<«>»FFA)» (Zd5)»FFI))» 
**(^(lbl»TMUZ»» (Zd7),lMX/). (ZdHJ.XMAX)^ (Z (19) • TXMAX ) » 
ä(Z(2U)»IYMAX)^ (/(^U^AMDM). (Z (22) . AMXM) • (7(23).DNM)^ 
b(Z(2<«)»UMlN)» (Z(<2b)»FEF)» (Z(2b) »OTNA)» (Z(27) »CVIS) • 
7(Z(2b)»NPK)» (Z(<i9)*NPRX)» (Z(JO)»NC)» (Z()I)»NPC)» 
dU02)»NHC)» (Z(JJ).IMAX». (Z(J«t)»IMAXA)^ ( Z ( 3b » . JMAX I • 
9(/(36)»JMAXA)» (Z07NKMAXi» (Z( 38) .KMAXA) • <Z(39)>NMAX) 
OLJUIVALLNCE (Z(<tO)^NU)» (Z C+l I •KUd . (Z (<*2) • IXMAX » • 
l(Z(<43).UOU)» (Z(<»<t)fNOPH)» (Z(it5)»NIMAX)» (Z(46) »NJMAX) > 
2(^(07).!!)• (Z(<»H)»I2)» (Z(<»9)»13)» (Z(SO)»I<t)» 
J(l(5l)»Nl)» <Z(b2)»N2). (Z(b3)»N3)» (Z(b<«) •N'») • 
'♦(Z(bb)^Nb)^ (Z(bb)»IJ6N (Z(b7)fN7)» (ZlbH)^NÖ), 
b(/(59)»N9)» (2(t>0)»in0)» (Z(Ol).NU). (Z(62)»NKM)» 
bU(63)»THA0)» (Z(b4)»XNH0)> (Z(b5)»SN)» <Z(66)»DXN)» 
7(^(67).HAütK)» (Z(ü«).HAOtT)^ (Z(b9)»RAUE«)» (Z(70).OTRAO)» 
Ö(Z(71)^KLZFCI). (Z(72)»HST0P)« (Z< 73) »bHtl-t ) • (Z( 7'») •HUOUNU) . 
9(Z(7b).roZ0NE). (Z(7fa).tCK)» (Z(77)»SBOUNO)» (Z(7fi).Xl) 
OLOUIVALLNCL (Z(/9),X2). (Z(O0)»Yl)» (Z(A1)»Y2)» 
1(Z(82)»CAULN)^ (Z(ö3I.VIbC)^ (Z(H<*)^T)» (Z(fib).GMAX). 
2(Z(8b>»llbOU>» (Z(tt7)»WbGX)» (Z(He)•OMAUM)• IZ(H9)»GMAXR)» 
3(/(9U)»bl)» (Z(91)»-J2)» (Z(92)»ä3)» (Z(93I»SM)» 
<»(Z(9i»)»bb)» (2(9b>»b6>» IZ(96)»S7)» (Z(97).SH). 
b(Z(9b).b9). (Z(V9).blO) 
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JlZdl'^.tOU. 

7(i.(Ub)»Jtj)' 

ÜHJUIWA11.HCL 

(/(l (JO). 
</(lU'4). 
1/(10(1)» 
</(il^)> 
<Z(4lt>l» 

(/(1^<«)> 
(/(l^O). 
(/Ml.V)f 
(/(l^O)i 

IIVo). 
ATOM). 
liLlA). 
I>W)< 
•jCiO» 
UTH» > 
Id* 
MCf')» 
J2»» 
J6». 

(/(Hüj.VAJ'L) . 
(/d^'t) .IV). 

(/don.Mtiii, 
l/dU'j) .cv). 
(/(lüV»»ALCO). 
«/(lUJ.CAf'S)» 
^(dnd'jH), 
(/di?l).IH). 
(/(12'J)»»;C»» 

(/d-?':»).HM). 
(/d33).JJ)» 

(/dtn.HAUl  ). 

(/d()^).CIi(. 
(/do»,) ,ov). 
</d)0),AIJIi). 
</<U<»)»«NIJ»» 
(2(MH»»'JCUR». 

(/d?X).JH). 
</(l?b)»HFr). 
(/din).co). 
(Zd34).J'4}. 
(/d3«0»SVMAX). 

(/(1«»2)»CNUE)» 
(/d^t)) .iu), 
(/(Jb()»»tll) 

ULUUIVALLNd- 
i(HH(lüU)«i,ItpC). 
.-MUHdO) .AI'iK) . 

(XM^J.XdJ!. 
(f'K.HL.oAMC)» 
(UK(Jl)»HK)» 

(U«»UL»fLLFT). 
«UKt,THETA)» 
(UNCttj) .QK) , 

(UHdOOJ.YAMC)^ 
(UfttTAH»» 
(YY(2)»Y(in 

JOUtj 

JU0<4 

JüOt» 

itZU 
J22tt 

^3b 
JÜ10 

Jübü 

(UK   1   MAIUUAL   ONLY 
litNU=2 
0VMAX=-1./UTNA*»^ 
TLMP(l>=-l./UTNA 
UTUF=l,tlü 
UTVF=l.tlü 
IF(Nt.NL.Ü)   W   Tu   iÜUb 
UTUF=üT 
üTVFzUT 
Uü   JS^HU   I = 1«1HAX 
UU   3^00   J~1.JMAX 
K=(J-l)»IMAX*I*l 
lF(AMX<K))V90if3i;6'JOÜ2'j 
V.V = 1,/KHÜ(K) 
XF(JMK(KFIT(K)«2).tU.U)   oü   TO   3<i6Ü 
iF(P(K»,LL.l.t-2U>   H(K)=0, 
lF(SV.tiT.1(138))   00   TO  3260 

lF(ÜY(J).bT.bl&)   &0   TO  3140 

«(i,= ()'(K)»V,V)»(ltO*(P(K)»SV)/AIX(K)) 
UTCs*i/&IO*»2 
IF(UVHAX.bT.UTC)bO   TO  3^20 
ICsI 
JC=J 
UVMAXSÜTC 
UTH;AUt>(U(K))/UX(I) 
lF(TtMH(l),&T.OTH)G0   TO  323b 
lH=t 
JH=J 
rtMP(l)=UTH 
UTH--A;;b(V(K))/üY(J) 
lF(TtMP(l).V»T,D7H)00   TO  328« 
IMsl 
Jlizj 
TtMP(l)5UTH 
bO  Tu  3280 
IF(P(K).t«.Ü.)   60  TU  3270 
TtMP(2)=  UY(J)/AbS(H(K»)*.2* 
1F(TLMH(^).6T.UTVF)   bO TU 9270 
UTWF=TtMP(2) 
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Stilt   iMTHtTA(K».hU.O,)   i,g   JO   ^2bU 
ItMPCiJiUXd)/«!)'^ fMt f A (K ))♦,,?'. 
lKTLMP(i),V,t,UTUf )   t.y   10   i^«0 

IU=I 
JUSJ 

J^ÖU  CONTiWl. 
UTNAsüT 

ürc = l./i.UWT(A«S(UVMAX)» 
ÜTsAMlNKAMlNKAMlNKAMJNKuTtJAtrFAfUIOfOTlDfnrvfJ'UTIIF) 

Jügy   iF(OT.LT.»-Fb)   00   TO  WU^ 
J<!Vü   IFlT.LT.y.»   00   TO  WUJ 
JJOO   I=T*OT 

MC=Nt*l 
CVCLt=NC 

HtTUKN 
NtOATIVt   MA'JS 

9^01   il=5.3üü<« 
00 TO VVVV 

99Ü2 ils5.Jü29 
oo To vyyy 

9903 iis5.^9ü 
9999 CALL tuIT 

LMO 
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y|    K>H  iCHC» btKC/^J 
iUbROUTlNL bCKC 

c            U 
c 

I   M   L   M b   I   Ü   N 0 )00b0 
0 .10060 

UlMtNSION 
xuuauim V<l<;üÜ)»     AMX(120U)»   AIX(1200)»   IM12ÜÜ)» 
^rHtTA(iüUÜ). KH0(12UU)#   FiOUT(1200J» CAH<1200»»   KFIT(120ü). 
3'JUL(i:5>ü)»IWi< 'jü).*^(bU) .*i(bU) . TAIJLM(bO), 
"♦ÜXCSü).    X(b3)»    XX(!><»». UYdOO).   Y(IOO),    YT(lül). 0 uouo 
IjlAUd'j),   AMKdb)»   PK(lb). (JKdb»,    2(1&0)»    12(150). 0 U0120 
bfAlMW)»   t'L(20ü)»   H«(iOU)» UL(2UÜ).   UR(200). 0 U0130 
TFLtFTdOUJ.rAMCdOOJ.SIoCdüO) .GAMCdOO), 0 U01U0 
öu (t)0). i,üL IU < "«UO ). TEMP < U) »Mt AU U2) 
CyMMüN /       .XX ,UR     ,PR .THf'A  »YY 0 U0160 
COMMOfJ Alt)    »AIX .AM     .AMU .AMX    .AREA 0 1,10170 
COMMON UlG    »UQUNCE .OOXN   .IJOVK .OVK    ,UX 0 Ü01H0 
tOMMON ur   ,L .FU     .Fb ,FX     ,OUT 0 Ü0190 
COMMON H      »HAUOVE »PHLO   »PIOTS ,PPAI10V ,PRP c U0200 
COMMON POl           ,OUT .KC     »KEZ ,RHO    ,UL 0 U0210 
COMMON UH»biO.OÜüOKL» JWITCH .TAULM.TAU 0 U0220 
COMMON TAUUIS iTAUUTX »U      .UK ,URR    ,UT 0 00230 
COMMON UU    tuuu »UTEF   .UVMAX »V      ,VAOOVE Ü U02UO 
COMMON VbLO   .VEL .VK     ,VT ,VTEF   ,VV 0 U0250 
COMMON VVAUOV .VVHIO .W2     .W3 »WPS    ,WS 0 U0260 
COMMON *SA    ,*S« .WSC    .XL . XLF    . XN 0 U0270 
COMMON XK     .YL .YEW    »YN »YU     .2MAX 0 U0280 
COMMON 1      «11 .IN     ,IH .IMS    .IWSA 0 U0290 
COMMON IMSU   «IWSC »IKI    .J .JN     ,JP 0 U0300 
COMMON JH     >K ,KN     ,KP ,KR     ,KRM 0 U0310 
COMMON L      »M .MA     .MQ ,MC     ,MO 0 U0320 
COMMON ME     .M/ .N      ,NK ,NKMAX  .NK1 0 Ü0330 
COMMON NO      »NR .0      .S0L1U .TEMP 0 UO.'-UO 
COMMON FIOUT  .CAP »KFIT   »ISENU .IGOTO  .HEAU 

C 
c 0 UO^UO 

0 O0M50 
C               fc. 
c 

0   U   J   V A   L   E   N C   E 

Ut^UIVALENCE U.U.PROÜ). (2(2).CYCLE), (2(3),UT), 
lUUJ.FKiNT'j), (^CjJ.PHINTL). (i(e)).ÜUMFT7) .   (2(7),CSTOP), 
2(^(A)>H10Y)« (2(V).TM^). (ZdO).SCYCLE).  (2dl).SPR0U), 
HillZithkHH), (2(1J).ETH>. (2(14),FFA), (Zd5),FFa), 
'♦(^(lo).IMU^). (2(17).TMX^)» (2(18),XMAX), (2d9),TXMAX), 
Ö(^(2ü)>TVMAX). (2(21).AMDM). (2(22),AMXM), (2(23),ONN), 
t>(/(2<«)«L)MIN)» (2(2i))»FEF). (2(26),OTNA), (2(27),CVIS), 
7l^(2ö)»WH). (Z(29).NPRI)« (2(30),NO, (2(31),NPC). 
tiU(i't).mc)' (Z(d3)»IMAX). (2(JU;.IMAXA) '   (2(35),JMAX), 
9(Z(3b)>JMAXA)r UU7)fKMAX). (2(Ja),KMAXA) .   (2(39),NMAX) 
ULwUIVALENCE (2(40).ND). (2(<*1).KDT). (2(l»2).IXMAX). 
l(^(i»<})>NOU)t (2('*<*).NOPH». (2('»b).NlMAX) '   (2U6),NJMAX), 
2«^(<»7).a>. (2(tü)>12). (2(<49),I3), (2(50),I<»), 
JlZCiD.NDf (2ii>2).N2). (2(b3),N3). (2(5<»),N<4), 
<»(/(5b)'Nb)» (2(tt>).N6>. (2(b7),N7), (2(58),N8), 
b(/(5V)>NV)> (/(bO).N10). (2(61),Nil), (2(62),NRM), 
ö(Z(fei).TKAÜ)» (2(t><»).XNK^). (2(6*>),SN), (2(66),DXN), 
7(Z(67)»KAUtH)» (2(oö).HADET). (2(69),RAü£n) '   (2(70),DTRAD), 
ÖU(71),KE/FCT) .  (2(72).H!,TOP). (2(73),SHELL) •   (2(7<(),UB0UN0), 
9(^(7t)),TOiJONE) .  (2(76).ECK). (Z(77),S8ÜUND »  (2(78),XI) 
OEUUIVALENCE (2(79),X2). (2<8Ü),Y1), (2(81),Y2), 
l(^(62)»CAULN)t (2(OJ).ViSC), (2(0(»),T), (2(85),GMAX), 
^(^(6b)>MäUU)» (2(07).«(^GX). (2(aö).GMAUH) (2(89),GMAXR), 
.i(<C(9u).blJ, (2(91),S2). (2(92),S3). (2(93),SU), 
<«(^(9<*)»SS)» (2(9b).S6). (2(96),S7), (2(97),S8), 

(2(99).S10) 

UEUUIVALENCE (2(100).HVb), (2(101).HCU). (2(102),CH), 
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. 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

iUUU.JJ.jVi.». 
Jdt^dU/J» jUMfLf . 
■iUdUJ.l./l Ku), 
J(^(lrj).LO!  ). 
Ht^diVi.AHN) . 

o(/(Ul).Jd. 

öUd.jV) .t-KCUlU 
ULUUIVALLUCL 
l(Zd<»J).bCHt). 
2(^d(«7)«JU)> 

OHjUIVALtNCt 

4i(ÜR<iö).AMK). 

(/dlfO.AtUMJt 
(^dUü) .DMA) . 
(/Ul.-M.CW), 

(^d^U).IJlM) , 

(^d<;tt).MCH)# 

(/dit,).JO) r 

(/(iUU).VAPt  ). 

(<M,U<U»UTVf ). 

(XX(i>l«Xd))> 

<UK(J1)»PK)# 

(^dU'^fCl/* 
(<Mlü'y).ALCO), 
UiliiitC&it* 
(niintijU), 

(/(l/"j).JC). 
Udi^)»MH). 
(/dJi».JJ). 

(^(UDtHAUL)» 
(/( l'»'j).JV). 
(/:d<»9).Dnif >. 

(UKE.TMETA)» 
(UI<l'4o).UK). 

i/dO(.) ,bV). 
1/dlO) .ANN). 
(/dJ<»)»MNU)» 
(/dltD.SCUHl» 
<^d22)»JH). 
(Zd2b).MKT)» 
(ZdSUl.COJ. 
(/(U"*   .JU). 
(/d3Hl.'jVMAX). 

(/<1<«2)«CNUE)> 
</d<»b).IUI» 
</d50)»LIH 

(UPdUOJ.fAMC). 
(UR.TAH)» 
(VYCgJ.Yd) ) 

l»<;d) FLUX   INTO  SOLID 
CUL AbSOKPTION COEF. (CM**2/bM» 
SCK INITIAL  SOUKCE (JEKK/CM**2-SH) 
IS« UO.   Of   ^ONES  WITH  SOURCE   IN   I   DIRECTION 
SOURCE  DURATION 

. 

Hditi 
/dlb) 
^dlb) 
Z(117) 
UliMi 
HfTl-UtHO 
IH   NC.tU.l» 

lKIFTsü.t>*E/ERO*(i;.*(T-UT)/SCOR)*»(ANN*X.) 
XF(T.LT.U.ti«SCDRl   60   TO  1 
iF(T.bT.SCÜR)   00   TO 2 
FIFTi=EaR0*d.-.t)*(2.*(i.-T/SCUR))**(ANN*l.)) 
60   TO 2 

i   FIfTls:ü.i>*E^tR0*(2.*T/SCUR)**(ANN*l.) 
2   SCR=AbS(FIFTl-FIFr)/UT 

FiFT=FIFTl 
SCRE   = FIFT*  PIUT*X(ISR)*#2 
lF(d.öt.SCUR).ANU.((T-UT).LE.SCDR))   SCR   =0. 
l*P~Jb*l 
00 2UÜ     1=1.1SH 
1S=(1-1)*20*J 
S0LIU(IS*4»=F1FT 
üFISsü. 
FUN  =  SCR 
*2(I)=U. 
UO   1UÜ   J£2*I4P 
KS(J-1)*1MAX«1«1 
NSK-1MAX 
IFCJ.LU.itP»   60  TO mi 
iF(JMH(KFIT(K)»2).Nt.l)   60   TO   1UÜ 
iF(JMR(KFlT(N).2).Nfc.J)   GO   TO   SO 
XF(   J.EW.2>   FI0UT(N)=FI1N 
IF(SC,UR.LU.U.)   FIWT(K)=0. 

20 Fi^NsF|OUT(N» 
IF^J.EO.IUP)   (id  tf+U 

5U   S\(ri./KH0(K) 
C*tt t!»K(TH£TA(K)»SV#N»CAP(K») 
MgSC=-HHOtK)»UT(J)*CAP(K) 
lF(RüSC.Nt.Ü.)   60  TO b5 
■FIOUT(K)=FIIN 
W-ISO, 
60T0   7Ü 

IJ07S0 
U0760 
U0770 
U07t»ü 
00780 
Ü0790 

0 1)0800 
0 U0810 
0 D09!j0 
0   U1020 
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bb CONTlNUt 
F10UT (K) =f I X'4*tXH ( WJC ) 
üKä=HlN-f-10UT(K) 
WÜ   Tu   70 

bü   N<MI)=t-nN 
UKISÜ. 

7ü  UFlS=UHi*UFI   ♦l'T'-TAU(I) 
AXX(K> £AXX(K) ♦u- i»tAU(n/'\MX(K)»UT 

100 CONTiNUL 
trH=tTH  ♦UFXi. 

ÜUÜ  CONTXUUi. 
MtTUHN 
tNU 

' . 



• 

AFWL-TR-66-108,  Vol U 

1.11 'rOH       Uült. 
iiÜUHuUIINL IIU1L 

c 
t 

U        1        M t           N J        I 0        U 

UlMLWSlON 
iü(i?uü). V(UUÜ)» AMX(l^UO) . Aixd.^no)»      i'd?oo)^ 
^iHLTAd^UUl .   HHU(l^UU) nouTdacu) •   CA(Jdi?O0),         KFlTd?ÜU). 
iPUL ( WJ ) > 1M Jl (t>Ü > • »a ( bU ) > M3 (l>0 ) .TAIiLM( JU) • 
4UA(0^)» X(t>3)» XXi'jU) . (JYdUO).        fdOO). YYdUIN 
btAUd'j) - AMK U'J) . ^Kdb). OKd j)^          /dbON I,;dbOU 
oTAU(b^!» HUilOU)» HH(^OU)» UL(20Ü)»        UR(200)» 
7H.LFIUÜU) »YAMtdüO)»^ locduo) • t-AMCdOO). 
öoCbOJJbüLinCtUUJ.TtMh'diJtHtAülU» 

COMMON I «XX .UH • PR •THETA • YY 
COMMON AiU • AIX • AM • AMD • AMX • AHf A 
COMMON lilO »tiOUNCE • Üi   iN • UDVK • DVK • UX 
C   MMON UY • t • FL' • FS • FX • OUT 
COMMON H .^AUOVt • PULU •P1UTS • PPAIOV • HKR 
COMMON HOC >UUT • KC • HE/ • RHO • HL 
COMMON KH»^IO • UUOOt-L« >|*ITCH • TAliLMMAU 
COMMON TAUUTb .TAUUTX • U »UK • URR • UT 
COMMON UU »UUU • UTEF •UVMAX • V • VAilOVE 
COMMON VBLO »VEL • VK • VT • VTFF • VV 
COMMON VVAUOV .VVBLO • W2 • W3 • MPS • MS 
COMMON US« »WSB •WbC • XL • XLF • XN 
COMMON XH .YL • YLW • YN • YU • 2MAX 
COMMON I • 11 • IN • IR • 1WS • IWSA 
COMMON llmSu • IMSC • IM1 • J • JN • JP 
COMMON JH »K • K.NI • KP • KR • KRM 
COMMON L • M «MA • NB • MC • MU 
COMMON Mt .M^. • N .NK •NKMAX • NKl 
COMMON NO »NK • G •SOLIU • TEMP 

c 
COMMON FIOUT • CAP »KFIT •ISENU •I60T0 rHEAU 

c 
c 
c 

too 1         V A       U E        N C        E 

UtUUIVALENCE 
KiC^J.PKiNTb), 
2(2(8)^PIüY)^ 
^(^dti'OAMXI . 
KUdbNTMUZN 
b(^(2U).TYMAX.). 
0(^(24)»ÜMIN). 
7(/(2tJ).NPK). 
Ul/Ot.'fNKC). 
yU(3o).JMAXAJ . 
UbdUI VALENCE 
K^CliJ.NÜU). 

J(^(51».N1). 
i4(/(5b)^Nb). 
b(2(by).NJ). 
fa(2(6J»»'iKAU). 
7(^(67)»KADER)• 
0(^(71)»Kt^FCT)^ 
yU(7b)'T0l0NE)^ 
OtUOIVALENCE 
l(/(e2)^CAULN). 
2(^(at>)»HSi>D)> 
i(^(9ü).bi). 
'♦(^(9i»).Jb). 
b(^(9ti)»bV>» 

ÜbUUIVALENCE 

Uib)» 
(2(9). 
(2(13) 
(2(17) 
(2(21) 
(2(2b) 

(2(33? 
(2(37f 
(ZC+U) 
(2(4«») 
(2(i>ti) 
(2<b2) 
(2(ü.b) 
(2(o0> 
(2(bO) 
(2(btt) 
(2(72) 
(2«7b) 
(2(79) 
(2(U3) 
(2(07) 
(2(91) 
(2(yb) 
(2(99) 

PHOll)^ 
PRINTED 
TM2)« 
•ETH)^ 
•TMXZ). 
•AMDM>» 
•FEF)» 
»NPRD. 
< (MAX)» 
f.MAX) • 

• ND)» 
•NOPR)• 
.12I> 
• N2) • 
• Nt>)^ 
»N10). 
.XNRo). 
.RADtT)» 
•RSTOP). 
•ECK)» 
• X2)» 
• VISO» 
•WSGX)» 
fä2)» 
.b6)» 
• SIO) 

(2(0). 
(2(10) 

(2(18) 
(2(22) 
(2(26) 
(2(30) 
(2(34) 
(2(38) 
(2(41) 
(2(<tb) 
(2(49) 
(2(53) 
(2(b7) 
(2(bl) 
(2(t>b) 
(2(69) 
(2(73) 
(2(77) 
(2(80) 
(2(84) 
(2(88) 
(2(92) 
(2(96) 

CYCLE) • 
ÜUMPT7)» 
•SCYCLE)^ 
»FFAN 
•XMAX). 
•AMXM)» 
.OTNA)» 
»NO» 
.IMAXA). 
•KMAXA)» 
»KDT)^ 
•NIMAX). 
• 13). 
.N3). 
.N7). 
•Nil). 
• SN). 
•RAOEH). 
•SHELL)• 
•SHOUND)« 
• YD» 
• !)• 
•GMAUR)• 
• S3)» 
• S7). 

(2(3)^ 
(2(7)^ 
(2(11) 
(2(15) 
(2(19) 
(Z(23) 
(2(27) 
(2(31) 
(2(35) 
(2(39) 
(2(42) 
(2(46) 
(2(50) 
(2(54) 
(2(58) 
(2(62) 
(2(66) 
(2(70) 
(2(74) 
(2(78) 
(2(81) 
(2(85) 
(2(09) 
(2(93) 
(2(97) 

CSTOP)^ 
•SPROD)> 
• FFlU^ 
.TXMAX). 
.DNN). 
.CVIS). 
• NPO^ 
.JMAX). 
•NMAX) 
.IXMAX). 
.NJMAX). 
.14). 
• N4). 
.No). 
•NRM). 
.9XN). 
.UTRAD). 
•ÜBOUNü>• 
• XI) 
• Y2)^ 
.GMAX). 
•6MAXR). 
• S4). 
• S8)» 

(2(100) •HVti)^ (2(101).HCH). (Zd02).Cb). 
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2kZ(lU7)»bUMFL)» 

-jiunibi.coL;. 

oU(lJl).Jl). 
7(/(Ub).Jb). 
b(/(lJ9)>FKCUTC) 
OLUUIVALLNCE 
K^d^Jl.bCHL). 

OUIUIVAU.NCE. 
l(PK(10U).bIot). 
i(UR(Ifa)fAMX). 

(Z(10it)»ATUM)r 
(/üdÜlD.UtTA). 
U(112)»PM)» 
(Z(lH.).bCH). 

(Z(i2<*)f ICtf 
(Z(12a)«MCIM. 
IIU.52)»J2)» 

(^cmoj.vAPt). 

(2(l<ta)«UTVF)» 
(xx(<;),xm). 
(PHiPLftiAMC)» 
tUH(JUM'K). 

(/(10b).CV). 
(2(109)>ALCO)* 
(2(1U)»CAPS)> 
(Z(117)iIbH)» 
iUlZlUlHt, 
(2(12b)»JC)* 
(/(12S>).HH). 
(Z(lJJ)tJJ). 

(/(UU.HAUK ). 
(2(l<tb)»JV)> 
(/(lU^J.DIUF). 
(UR.ÜL»FLLFT)f 
(UKt«THETA). 
(UKCtbttOK)» 

(Z(10b>«(>V)* 
(2(110)»ANN)» 
(2(11<«)>HNU)« 
(Z(llH)fSCUH)> 
(/d22)»JH>i 
!/(!?(.).KFT)«» 
(2(13ü)>C0:# 
(2(i:)*t)fj^)i 
(2il3U)*äVMAX)« 

(2(112) »CNUO* 
(2(116)fIU)» 
(7(150).EIll 
(U«(100).YAMCI. 
(UH.TAH). 
(YY(2).Y(1)) 

CONTINUOUS UOILING VLHS10N 
CNUE=Ü. 
UO 1UUÜ 1=1.ISH 
J=JS 

1C K=(Jb-l)*IMAX+ln 
J=(l-l)*204l 
?>ÜLIU(J+^)=PMI SUb(bV) SUP(hl 1/2) 
rEMP(l)=COUT»HCH/(SOLID( J*1)*CV) 
IF(CUUT.tO.U.) TbMP(l)=HCM*M2(I)/HH 
S0LIU(J«2)=W2(I)-TEMP(1) 
lF(SOLIU(J«2).Gr.O.) GO TO 20 
äOLlU(J*2) SO. 
SOLIU(J+b) SO. 
SOLIU(J«12)=P(K) 
soLiuumuo. 
soLiu(j«m)sü. 
bOLlU(J«lS)=0. 
00 TO «tbü 

20 C0NT1NUL 
P TEST 
SüLIU(J*ll)=S0LIU(J*2)«C0/((,V»(HH-HCB)) 

200 L=K-1MAX 
SOLIU(J^iü)sP(K) 
lKJMK(KFIT(L).2).Nt.l) SO TO 210 
IF(P(L).bt.P(K))bÜ TO 210 
SÜLIL,(J-H0) = (3.*P(' )-P(L))/2. 

210 1F(SOL1Ü(J+11).LT.SOLIO(J+Iü)) GO TO 300 
M DOT 
SCLIU(J+b)=SO,..IO(J+M)*oV/Cü 
VELOCITY VI 
SOLIÜ(J«lb)=-CO 
SOLlLi(J+12)=S0LIU(J*ll)4SOLIU(J*6)«ABS(SOLlU(J*lb) 
bO TO <»&0 

JOC IF(SOLIU(J«10).6b.(GV-l.)*HCP/SVS)60 TO «136 
AA=HVB«(GV-l.)«HCP-äOLIU(J410)*SVS 
t(ü=.b*((bV-l.)»HCP/SüLIÜ(J+lO)-SVS>**2 
TBU=2.*Ub 
AAP=(AA/S0LIÜ(J*a))**2 
lr(Bb.bT.l.E-2*AA«AAP)G0 TO 310 
S0LIÜ(J*b)=S0L10(J»2)/AA*(l,-UB/(AA*AAP}) 
GO TO 3b0 

310 ÖBP=.5*S0L1U(J*2)/BU 
SBA=SQKT(l.+AA«AAP/(b.7!>*BB)) 
SAA=(SBA4-1.)*BBP 
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^AA3(v»uA«l.>*W)H 
■ 

; 

■ 

UOO 

tbO 

i»60 

465 

«♦70 

bOO 
1000 
8001 

i>UU=(bbA-l.)*UUP 
IKSbÜ.LT.Ü.)   GO  TO   ibO 
i.OLIU(J+b)=i,AA**.J3JJ3-i)lill**.3333J 
tu  TU   3bU 
!.dü=-böb 
aüi.IU(J*b)=SAA**.33333+i.UH**.JJ33J 
CONTINUk. 
bULlU(J+lb)=-bUKT(TUb)*  bOLiÜ(J+t) 
iüUIU(J+12)=bOLIU(J+10)+SOLID(J+6)*AHb(bOLIU(J+lE)l    I 
tiO  TO  <*bU 
bULlU(J'»lU)=ü. 
bOLIU(J«6)s M2(I)/(HVH«HCa> 
SüLlU(J+12>=bOHU(J+10) 
bOLlU(J+l<»)::SOUU(J+b)*TAU(X)«OT 
IKSOLIUIJ+^.LE.O.)   00  TO 460 
bULIU(JO)::bOLID(JO)-HCU*SOLIO(J«lt/SVb 
Wi TO <»6b 
S0LlU(J+3>   =bOUU(J+3)   ♦<(2<1)*ÜT 
!,üLlÜ(J+l)=büLIl)(J*l>   +*2(n*DT*SVS/HCU 
SO  TU <»7ü 
CONTINUt 

*«Ü0T=(W2(I)-S0LID(J*6>*HH)»SVS*DT/HCU 
IFCWMÜOT.LT.O.)   I!MOOT=0. 
bÜLlU(J*l)=S0l.I0(J*l)*t«MUOT 
TEMP(l)=COUT/(CV*SOUlU(J«b)) 
IF(S0LIÜ(J*l>.6E.TEMP(l))   SüLIOCJ*1)=TEMP(l) 
bOLlU(J>3)   =bOLlU(J+3)   ♦HCB«SOLID(J*l»/SVS 
CONTINUt 
bUUU(J+7)   =bOLlU(J*7)   ♦S0LID(J*6)*DT 
i.OLIÜ«J*ttJ   =SOLIütJ*ö)   «M2lII*0T 
bOL!U«J*13)=SOLIU(J+i3)♦SOLID(J*12)»DT 
VAPE  ■  büLIU<J»2)*TAU<I)*üT  «VAPE  ♦HCB*S0LIU(J-H«») 
CNUE=bOLIU(J*3)*TAU(l)*CNDE 
CONTINUt 
CONTINUk 
KbTUHN 
ENU 

_ 
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Wl    l-UH  PHI» PH1/FJ • 
SUBHOUllNt MMI PHI 0010 

C               U I   M   L   N b   I   0   N PHI 0020 
C 

UIMLNSION 
PHI 0030 

lU(l?UU)r     V(i^OO).     AMX(l^OO)«   AIX(1200). P(12üiO» 
^J)it^A^i^^n))l  HHO(12UU)>  FIOUKIZOO). CAP(12OO)» KFIT(1200)» 
JPOL(2bb).lWl('jOI»W2(blU,WJ(l>0) »1At)LM(bO)» 
«♦uxcv),   x(;>3).    xx(b<i)* UY(IOO)»   Y(IOO) »    YYdOD» PHI 00(10 
bTAUClb)»   AMK(lb)»   PK(15)» UK(lb)»    Z(IbO) »    IZdbO). PHI 0090 
blAU('jd).   PL(2UU)»   PH(20U). UL(200)»   UR(200)» PHI 0100 
^FLtF!(1U0)»YAMC(100)»blOC(1UÜ) »bAMCClOO)» PHI 0110 
öolbONbüLIUUOOl.TtMPUi;) fHt/U)(l2) 
CÜMMUN t               »XX »UR     »PR »THFTA  »YY PHI 0130 
COMMON AID    »AIX »AM     »AMD »AMX    »AREA PHI 0140 
COMMON uio   »iioUNCc: »OUXN   »UOVK »DVK    »DX PHI OlbO 
COMMON UY     »t »FU     »FS »FX »OUT PHI 0160 
COMMON P      »PAMOVE »PBLO   »PIOTb •PPABOV »PRR PHI 0170 
COMMON PUL    .UDT »RC     »REZ »RHO    »RL PHI 0180 
COMMON KK»bIb»(K0Ü0FL»< »WITCH »TABLM.TAU PHI 0190 
COMMON TAUUTb »TAUUTX »U      »UK  • »URR    »UT PHI 0200 
COMMON uu   »uuu »UTEF   »UVMAX »V »VAROVE PHI O.'JO 
COMMON VULO   »VEL »VK    »VT »VTEF   fVV PHI 0220 
COMMON VVAUOV »VVRLO »W2    •W3 »WPS    »WS PHI 0230 
COMMON WSA    »MSB »MSC    »XL »XLF    »XN PHI 02'»0 
COMMON XK     »YL »YLW   »YN »YU »ZMAX PHI 02b0 
COMMON I      »II »IN     »IR »IWS    »IWSA PHI 0260 
COMMON I MSB   »1 «ISC »IWl    »J »JN »JP PHI 0270 
COMMON JH     »K »KN     »KP »KR »KRM PHI 0200 
COMMON L      »M •MA     »MB »MC »MO PHI 0290 
COMMON Mt     »HZ »N      »NK »NKMAX  »NK1 PHI 0300 
COMMON NO     >NK »6     »SOLID »TEMP PHI 0310 
COMMON FIOUT  »CAP »KFIT   »ISEND »IGOfO  »HEAD 

C PHI 0410 
C PHI 01*20 
C               L 
C 

OtuUlWALtNCt 

0   0   I   V »   L   E   N C E 

(Z»IZ»PKOB)» (Z(2)»CYCLE)» (Z(3).DT)» 
1UU) »PRINTS)» <Z(b)»PKINTL)» <Z(b)»DUMPT7) » «Z(7»»CST0P)» 
2(Z(S)»PIUY)» (Z(9)»TM2>> <Z(10)»SCYCLE)» (Z(11)»SPR0B). 
J(^(lü)»bAMX)> (Z(13)»ETH)» (2(l<t)»FFA)» «Z<15)»FF8)» 
<»U(lb)»TMUZ)» (ZU7).TMXZ)» (Z(18)»XMAX>» t2<l9)»TXMAX). 
b(^<?U)»TYMAX)» (Z(*;i)»AMDM). (Z(22)»AMXM)» (Z(23)»DNN)» 
b(Z(2H)»0MIN)» (Z(2b)»FEF)» (Z(2b).DTNA)» (2(27)»CVIS). 
7(^(20)»NPH)» «Z(29)»NPH1)» <Z<30)»NC)» (Z(31).NPC)» 
Ö(ZI32)»NKC>» (Z(J3)»IMAX)» (Z(3«»)»IMAXA) » {Z(35)»JMAX)» 
9U(3b)»JMAXA)» (ZCi7)»KMAX)» (Z(38)»KMAXA) » (Z(39).NMAX) 
ULOUIVALtNCt (Z('*0)»NO)» (Z(<»1)»KDT)» (Z«»2)»IXMAX)» 
U£{i*i)tnOÜ)t (Z(<»<»)*NOPK)» (Z(<t5)»NIMAX) » (Z«»6I»NJMAX)» 
tUiHHillU (Z(H0)»I2)» (ZU9)»I3)» (Z(50)»m)» 
i(/(Sl).NA)» (Z(52).N2)» (Z(53)»N3). (ZI5«»)»N<»)» 
4U(5b)»Nb)» (Z(b6)»l46)» (Zlb7)»N7)» (Z(58)»N8)» 
b(Z<5'/).N9). (Z(faü)»NlO). (Z(61).N1X). (Z(62)»NRM)» 
b(^(6i).THADJ» (Z(b'»)»XNR0)» (Z(b5)»SN)» (Z«66)»0XN)» 
7(^(67)»KAütK»» (2(b8).KADtT). (Z(b9)»RAUEB) » (2(70)»DTRAD)» 
ö(Z(71).HtZFCT)» (Z(72).RST0P). (ZC73)»SHELL) » (Z(7<»)»8B0UN0)( 
VU(7b).TO.ZONE.)» (Z(76).ECK)» (Z(77).SB0UND)» (Z«78)»Xl) 
UtUUIVALtNCt (2(79)»X2). (Z(eO).Yl). (Z<81).Y2)» 
l(Z(82)»CAtiLN)» (Z(tt3)»VlSC)» (Zlauj.T). (ZCa5).GMAX). 
2(Z(8b)»WbbU)» (Z(a7)»NS6X)» (Z(88).GMA0H) » (Z(fl9)»GMAXR)» 
3(Z<9U)>äi)f (Z(9l).S2). (Z(92).S3)» !2(93»»S<0» 
<»U(94)»SS)f (Z(95)»bb)» «Z(9b).S7». CZ<97).S8)» 
5(Z(9tt)»S9)f <Z(99).S10) 

UtQUlVALtNCE tZ(100)»HVU)» (Z(101)»HCU)» (Z(102)fCB)» 
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c 
c 
c 
c 
c 
c 
c 
c 

«:U(lU7>.i,UM(-t.>. 

«♦(<:« U9).AHN». 
!>(/<li:J».L»TC». 
X(/(i«:7).CUUT). 
b(^(Ul{.Jl>. 

ÖU(US>).KKCUTC) 
UtWUIVALLNCL 

^U(m79>JUii 

UtJUIVALLNCL 

ü(UH(lo)»AMK». 

(24116)» 
(l(U0>> 

(2(132)> 
(l(Ut>)t 

ATOM». 
HErA). 

bCH), 
UTtO ( 
1CI. 
MCH). 
J2). 
J6). 

(2<lUi>l*CV)» 
U(lU9)>AtC0)« 
</(lU».CAHS», 
(2<117)#IbH)» 
U(121)tIM)» 
(2(12S)«JC)» 
(2I129)»HH)> 
<2ll33)>J4t» 

(2(106) 
(2(llü) 
(2(11«) 
(2(11H) 
(2(122) 
(2(120) 
(2(UM) 
(2(1JM) 
12(13«! 

#0V). 
»ANN)» 
»MNU)t 
»SCUM)» 
»JH)» 
.HFT)» 
»CO)» 
»J<f)» 
»SVMAX)< 

.  ■ 

(2(li»0)»VAHe)» 
(2(m)»iv)» 
(2(l<«a)»UTVf)» 

(XX(2)»X(1))» 
(PN»PL»6AMC)» 
(UK(31)»PK)» 

(2<m)»RAue)» 
(2(U5)»JV)» 
(2(149)»ÜIUF)» 

(UH.UL.rLLKT). 
(DKt.TMETA). 
(UK('»b)»QK)» 

(2(U2)»CI4UE)» 
(2(1<»6)»IU)» 
(2(li»0)»t.a) 

(UR(IOO).YAMC) 
(UK.TAB). 
(VV(2)»V(1I) 

C 
C 

c 

c 

c 
c 
c 

VkLUCITlLb ANU  INTEKNAL ENEHGY FOH PHASE ONE 
UC-l.Ut+lb 
UTSO.U 

«000     Etsl.U 
3301  HCSOXU)/2.0 

KKS(x(l)«X(2))/2.ü 
3304 UO 3360   1=1»IMAX 

TAU0TSSTAU(I)«()T 

UfcTEKMINt LIMITS ON J LOOP 
CALL UJLOM(JLOM»JHI(iH) 

KsmMJLÜk(-l)«IMAX 
UO 334« J=JLO».JHIGH 
TISO. 
KUSK-IMAX 
NSK^IMAX 
PIDTS5l.0/(PIuy«UT*UV(J)) 
UOES CELL CONTAIN ACTIVE MASS 

10 1F(JMH(KFIT(K)»2))9901»3340»20 
UfcTEKMINt LOCATION IN GhlO FORM I» J( I.E.KFLA6) 

20 KFLA6SJMK(KFIT(K)»1) 
COMPUTATION OF PKESSUHE ANO VELOCITY AT RIGHT INTERFACE 
AWO ASSOCIATfcU ErCHtoY CHANGES. 

PM1 
»PHI 
PHI 
PHI 
PHI 
PHI 
PHI 
PHI 
PHI 
PHI 
PHI 
PHI 

0710 
0720 
0730 
0740 
07S0 
0760 
0770 
0780 
0920 
1060 
1070 
;o«o 

. 

•»o 

60 

ao 
106 

107 

60 TO(60»80»aO»60»80»«0»aO*(tO»60»60»80»<tO»80»l»0»<H)»«0) »KFLA6 
MIGHT THANSMITTIN6 INTERFACE ANU ASSOCIATED TOTAL ENERGY CHANGE 

UHRSU(K)«HC 
ErH=LTH-(PRK*U(K)*HC)/PIOTS 
60 TO 110 
KliFLtCTION AT RIGHT 60UNUARY. 
PHRsP(iK) 
UKMSO.O 
60 TU  110 
NORMAL RIGHT  INTERFACE COMPUTATION 
IF(JMH(KFIT(K«1)»2))9902»107»106 
PHRs(P(K)«P(K41))/2.0 
UKR=(U(K)*RC*U(K*l)»KH)/2.0 
60 TO 110 
URRSU(K)«RC 
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HHKsUtU 
C    CUMPUfATlUN OF HKLitbUML AN» VELOCITY AT TOP INTEHFACL 
C     UF CULL ANU AbbOtlAILU LNtRüY CMAMGL, 

11U oü TO(lbU«lbU»l<tU*lbU«lt>0»l(>0»120>l<»0»l*tO»lbO«160*tbOfl20>120»l(iO* 
llbü)>Kfl.Ab 

C     TKAN^MIITINO CONDITION AT T'JP CtLL iNTEHFACt AND ASSOCIATED 
C    tNEROT LOSS 

120  PAüOVtsPtlLO 
VAÜOVESV(K) 
tlH=trH-(PAUOVt*V(Kf»TAUUTS»/2.0 
uü TO 200 

C    MtFUCTlON AT TOH INTtHfACE OF CtLL 
10Ü Ju=(l-l)*^0*l 

IFd.bT.IbK) 00 TO 1'JU 
IF(SüLlU(JB<-i:).;o.Ü.I 00 TO ISO 
PT=AMAXnSOLIU( Jb+11) . AMAXK (3.*P(K)-P(KH» )/2.0«P(K) I ) 
1F(JMR(KF1T(K1!>^).LU.U)   HT:SOLIO(JU+ll) 

lib PABO^tsPT 
Tl=       PT *(V«KI- S0LIÜ(Jü*15))/2.ü 
VAU0Vt=   V(K) 
tTH=LTH-    PT     *SüLI0(Jü*l5)*TAUDTS/ 2.0 
00 TO £UU 

IbU PAbOVL=P(K) 
VAUOVb.sü.0 
00 TO 2UU 

C    NORMAL CALCULATION AT TOP INTERFACE 
160 IF(JMR(KFIT(N)»2))9VUd.l«6»185 
10b PAb0Vt=(P(K)*P«NI)/2.U 

VAU0Vb=(V(K)^V(N))/2.0 
Oü Tu 2UÜ 

10b PAB0VL=ü.ü 
VAUOVE^yiK) 

C    ULTEWMINE IF THERE ARE bOUNUAKY CONDITIONS 
C    AT THE LEFT AND BOTTOM INTERFACES. 

200 00 TüUJüö«22ü»3J2fl»J32ö.32U.3<»0»3W8.??0 5 332«»320.220.3Jl2«»220» 
1332S«50U»22Ü)«KFLAG 

C    REFLtCTlON AT LEFT INTERFACE OF CELL 
220 PU. ..P(K) 

ULI ,=0.0 
C    OETERMlNt BOUNDARY CONDITIONS AT BOTTOM INTERFACE 

00 TO(3320•3320'3920»33201320 > StO * 332013320»3320»320.320» 
1332B*3320«3320*340>310)»KFLA6 

C    REFLECTION AT BOTTOM INTERFACE 
320 PbLO=P(K» 

tfBLOsO.O 
00 TO 3320 

C    TKANSM1TTIVE AT BOTTOM INTERFACE 
310 PBLOrPABOVL 

VBLOsV(K) 
t(H=LTH*(HAB0VE*W(K)»TAUUTS)/2.ü 

C    VEL=lf FIRST PASS 
3320 IF(VtL)990«»3327.332b 
332b CONTINUE 

tf(Kt=VIK)^(PBLO-PABOVE)/AMX(K}*TAUOTS PHI 1000 
IF(ABb(V(K)I.LT.l.El) V(K)=Ü, 

3329 U(K)=U(K)+(PL(J)-PKR)/AMX(K>*RC/PI0TS«2.0 PHI 1030 
IF(ABS(U(KI).lT.l.ei) UIK»S0. 

3327 AIP:P(tO*((TAU0TS/2.0mVBL0-VAB0VE) PHI 1060 
1 ♦(l.Ü/HlüTS)*<ULU)-UHRI» PHI 1070 

C    Tl IS ZERO EXCEPT AVfJatf» 
AIP=A1P*TAUÜTS *T1 
«SX =AlX(Kt«AIP/AMX<K) 

1000 IF(WSX>1011>1001»1001 ?*H  1900 
1001 AIX(K)=WSX 

00 TO 3312 
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lull urst.u 
«>*:<!.U*AlX(Kt/J.O*Or/( At XlM-im^K» 

IWli iF(WiA-UU)lüi'-..lUUl.lUÜi 
IVlv UUSW^A 

oU Tu 1U01 
iim)  (KM:u.ü 

PAüOVtsU.Ü 
Ut<KsU(K»l)*t<K 
VAUOVtsV(N) 

54*»^   (/ULOiVAliUVL 

Ot(J)=U«H 

33«» HtfCOsHA'   WL 
Sibb MC=R« 

HH=(k(l*l)^X(I»2))/^.U 
336U tüNTlNOt 
33dl   lMVk.UWU5*7U<tO>33t;3 
33b3  VtL=y.Ü 

oy U> 33U1 
C LRKOH 

99UI   !>1=0.OO1U 
oO  Tu V9VV 

4902  blsB.OOüü 
OÜ TU 999V 

9903 iUÖ.Uiöü 
00 Tu 9999 

9V0U ilzn.SUU 
UU TU 9999 

9905 ^lsA.3361 
9999 CALL tUll 

C    NOTE* If  SW=0. CUUt MILL INTEGRATE 
C    UACKWAKÜb TU CORHECT THL INTEGRATION OF 
C    INTEKNAL ENEHG» IF SN NUT 0. NEGATIVE 
C    LNERblLS AKt LEFT ALUNE. 
7Ü«0 IF(SN)7Ü30»7Ü31*7030 
7031 IF(UT)7020»7030»7010 
7üio ur=-i. 

UTs-UT 
GO TU GOOO 

7020 UTSO. 
UTsUU 
NHISUT/TKAU^I. 
NMsMlNOINHMfNHl» 
turn 
TMAOSUT/MS 
UTNASUT 
GO TO bOOO 

7030 HETUKN 
ENU 

%:?' % 
»'Hl 1930 
I'Kl t9G0 
»'Ml I9«,0 
PHI 19«t0 
HHl |<) 70 
PHI 19H:> 
fHl 19V0 
»'Ml 2000 
PHI 20If 
PHI 202'! 
PHI 20J0 
PHI 20<t0 
PHI 20'JO 
PM1 20o0 
»>»»I 2070 
PHI 20H0 
Pill 2090 

PHI 2110 
PHI 2120 
PHI 2130 

p»)l 
PHI 

2270 
22110 

PHI 2300 

PHI 
PHI 
PHI 

2330 
2340 
2350 
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Ul t-UK  PHcl. WM/FJ 

c 
c 
c 

^UUnuUTiNt mi 

U   IM L   N i*   1 0   N 

UIMtN'jION 
1CI(12U0). V(1<;Oü). AHXd^UO). »IXd200).   Pd?00). 
2Tl4t.TA(12UU)< HHO(i2U0) •   FlOUTti200» • CAPd200).   KFITd200). 
^UC(<it>t>)»IWl(b0)»M2(b0>»«3(t)0l »TABLM(bO). 
«»UXCS^I» X(b3)» XX(b«)> UV(IOO)«   VIIO0)> YYU0H, 
blAadbJf AMK(lb)* PMlSt» 0K(15>.    £(lbO). I/dbO». 
bTAUIbü)' HL(20U)» PK(20ü>» UL(200>»   UR(200). 
7FLtFT(lüU) .rAMC'lüU).SIOC<100) .(jAMCdllO). 
8w(bO).SULIU(<«00).TtMM(li:),HtAU(l2) 
COMMUM I • XX #U« .PK • •THETA • YY 
CUMMUN AIO »AIX »AM • AMU • AMX • AKEA 
tüMMON Ulli »tlOUNCE »ÜUXN • OOVK • OVK • UX 
COMMON UV »c »FD • FS • FX »OUT 
COMMON p • PABOVE: »PULO •PIDTS •PPAUOV • PRR 
COMMON HUL • UOT .RC »REZ • RHO • RL 
COMMON MHfSlO .ÜÜ00KL» »MITCH »TABLM.TAU 
COMMON TAUUTS fTAUUTX • U • UK • URR • UT 
COMMON UU .UUU »UTEP •UVMAX • V > VABOVE 
COMMON VbLO .VEL • VK • VT .VTEF .vv 
COMMON VVAUOV fVVBLO >H2 • W3 • MPS • MS 
COMMON WSA • MSB »HSC • XL • XLF • XN 
COMMON XK »a »YC« • VN • YU • 2MAX 
COMMON 1 'II • IN • IR • IKS • IMS« 
COMMON 1I»SU 'ItfSC .1*1 • J • JN • JP 
COMMON JK »K »KN • KP .KR • KHM 
COMMON L • l> • MA • MB • MC • MO 
COMMON Mt »»; • N • NK •NKMAX • NK1 
COMMON NO «NR >6 •SOLXU • TEMP 

c 
COMMON HOUT .CAP »KFIT •ISEND • IGOTO • HEAD 

c 
c 
c 

t   Q   Ü I   V A  L E   N C   E 

PM2   0010 

übUUIVALENCE U'llt 
l(Z(»).PKiNTb), (Z(b). 
2(/(e).PIUY). (2(9). 
3(Zd2l^AMX». <Z(13) 
<»(Z(lb).TMüZ>. 12117) 
bU(2ü)»TYMAX»» (2(21) 
t»(Z(2'4).UMlN). (Z(2b) 
7(Z(2ö).NPM). (Z(29) 
0(ZI32)>NKC)» (2(33) 
9(2(3b)»JMAXA). (2(37) 
Ot«UIVALENCE (Z(4V) 
1(Z(03).NOU)* IZ(Ht) 
2(2(<»7)dl)f (2(4») 
3(^(51).Nl). (Z(b2) 
'♦(2(5b).Nb). (Z(b6) 
b(2(5V).NV)> (Z(bO) 
b(2(63)»TRAD). (Z(b«») 
7(2(67)»KAUEH). (Z(b6) 
8(2(71).RtZFCT). (2(72) 
9(2(7b).Tü20Nt). (2(7b) 
ULttUIVALENCE (Z(7V) 
1(2(82)»CAULN). (2(63) 
2(Z(8b).»StoO)* (2(87) 
3(2(90)^1)^ (2(91) 
«♦(2(9<»)»bb). (2(9b) 
b(2(9a)»SV). (2(99) 

PROD). 
PKINTL). 
TM2). 
•ETH). 
.TMX2). 
•AMOM)» 
.FEF)^ 
•NPK1). 
•IMAX). 
•KMAX). 
• NO). 
•NOPH). 
.12). 
.N2). 
.146). 
»N10)> 
.XNR(J). 
.KAOET). 
•KSTOP). 
•ECK). 
.X2). 
.VISC). 
•WSGX)» 
»b2). 
.bb?. 
.blO) 

(2(2). 
(2(6). 
(2(10) 
(Z(l<») 
(^'(18) 
(Z(22) 
(2(26) 
(Z(30) 
(2(3*) 
(2(36) 
(ZCtl) 
(ZC^b) 
(2U9) 
(2(53) 
«Z(b7) 
(Z(61) 
(2(65) 
(Z(69) 
(2(73) 
(2(77) 
(2180) 
(2(6«) 
(2(88) 
(2(92) 
(Z(96) 

CYCLE)• 
ÜUMPT7)• 
•SCYCLE). 
•FFA). 
•XMAX). 
•AHXM)> 
•DTNA)» 
• NC). 
•IMAXA). 
•XMAXA). 
•KOT). 
•NIMAX). 
.13). 
.N3). 
.N7). 
•Nil). 
• SN). 
.RAOEB). 
.SMLLL). 
.SBOUNO). 
»Yli» 
»Tl# 
•6MAOR). 
• S3). 
.S7). 

(2(3). 
(Z(7). 
(2(11) 
(2(15) 
(Z(19) 
(Z(23) 
(Z(27) 
(2(31) 
(2(35) 
(2(39) 
(2U2) 
(Z(*t6) 
(2(50) 
(2(5«) 
(2(58) 
(2(62) 
(2(66) 
(2(70) 
(Z(7«) 
(Z(78) 
(Z(81) 
(2(85) 
(2(69) 
(2(93) 
(2(97) 

OT). 
CSTOP)» 
•SPROB)^ 
«FFB)» 
•TXMAX). 
•ONN). 
•CVIS). 
»NPO. 
•JMAX). 
•NMAX) 
•IXMAX)* 
•NJMAX). 
• !«)• 
• Ntt). 
.N8). 
•NRM)» 
•OXN). 
•OTKAO). 
.ÜBOUNÜ). 
• XI) 
.V2). 
.6MAX)» 
.GMAXR). 
• SO). 
.58) • 
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UtUUIVALtNCt 

<!(4:(lü7).bUMhL)» 
■JuaiD.t/tHuj. 

«♦(/(119).AHN». 
!>(Z(1«!J».UTC). 
X(Z<127>.CUUT). 
biHlilltJlit 

a(/(t3V)*FHCUTC) 
OLUUIVALENCt 

2U(l<t7)*JUI» 

Ot^UlVALLNCt 

2(UH(lb)»AK:.J. 

JJ. 

(^(lOü).HVti). (Z(IOU.MCU), (Z(102).C«). 
(ZdU^j.ATüM). (Z(lOb).CV»» <Z(106)iGV)f 
(zaoat'HCTA)» (Z(10V)«ALCO)» <Z(11U)«ANN)» 
(Z(U<>I*PH>« (Z(lli)»CAPS). (ZlilHUimjit 
(ZUlbJ.SCH). (/(ll7)»IbH>, «^(118)#SC0R). 
(^(120).OTH). (Z(121)fIM). <za22).JH>» 
(Z(1^*).IC). (Z(12b).JC». <Z(126».RFT). 
(Z(128).HCH)» (i(l29!.HH). (2(130».CO). 
(Z(132).J2>» </(13J».J3)» (Z<13i»)»J«), 
(Z<iJ6).Jfc). (Z<130).SVMAX)« 

U(1<»0)»VAPE)» (Z(l«ll*KAOCI» <Z<1«>2).CNÜE). 
(Ztl««)>IV)> (Z(l<»b).J^», tZU«6).IU)» 
(2a00)*0TVf)» (Z(l«4tfOTUF)* (Z(15ü).tll) 

(XX(2).X(1M» (UK.UL.FLtFTI. (UR(lOO).rAMC). 
<PH»W.*<.AMC)» (DKE'THETA)» (UR.TAH). 
(Uh(Jl»,PK). (UR(<«6),OK). (vr(2)«v(i)i 

♦♦»♦**♦*»♦»•♦•♦♦♦♦»»*»♦♦ 
CONTINUOUS tULtHIÄN TWANSPOKT fOR iNTt« COOt 
•*♦♦♦•♦*♦*•*♦♦•♦♦♦♦»*♦»# 

FOH  TLST OF MASS  THANSPORT ONLY 

UONNkKsd.O 
UONEHSO.O 

NKTSU 
HioTssi.u/iPiuy*ur) 

101 m  103 Jsl.JMAX 
102 (.^CCJJSÜ.O 

FttPT(J)S0.0 
rAMCIJIsO.O 
SI6C(J}S0,0 

103 CONTINUE 
UO 5H7 Isl.IMAX 
CALL OJLOKiJLOK.JHI&H) 
Ksm«(JLO«-l}*IMAX 
UO 5<»b JsJLOH.JHIOH 
FSRSO. 
FStt=0. 
LSK4IMAX 
LPSLHMAX 
Ktt=K-IMAX 
ISS(I-1)*20«1 
UfeTEKMINt BOUNDARY CONDITION ON CELL I.J 
KFLA6sJMH(KFIT{Kt»ll 
TEST BOUNDARY CONDITION AT BOTTOM CELL INTERFACE 
M) T0(301.99.301.301.tfl.a2»301.99.;qi.ei.81.301.99.3ol.a2. 
ia2)*KFLA6 
REFLECTION AT BOTTOM INTERFACE 

si iF(V(Kna5»s«»si» 
a* AMMYsO.O 

AMMUSO.O 

PH2 07<*0 
W« 0760 
PH2 0900 
PH2 0900 
PH2 0990 
PH2 1010 

PH2 1660 
PH2 1070 
PH2 ioao 
PH2 1890 
PH2 1100 
PH2 1110 
PM2 1120 
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AMMV=ü.tf 
UtLEU=«.ü 
v»ü Ty vv 

ö'j   AMMY=(AMX(K)»V(K)«U1 I/ÜYCJ) 
lMAMMr^AMX<KnV7»tUo>lUo 

97   AMMYi-AMX(K) 
lUü   AMMV=^.U*AMMY*V(K) 

AMMVsO.O 
AMMUSÜ.U 

üü TO vy 
C TKANiMlIUVt  AT  UOTIWM  1NTEHFACL 

62   iKV(K).LU.O.)   GO   TO  m 
AMMUsAMMr*U<K) 
AMHV   =AMMY*ViK) 
ÜtCEü  i=AtX(K»*   JU(K»**2   ♦V(K)**^)/2. 
tTH  stTH   ♦  AMMOUtLtU 

C TtST aoUWAHt  COMUITION AT LtFT CELL   INTtKFACE 
99  tO   Tü(iUl.lUb.Jül«3ül#3ul«3Ul.J01«lüb#3i;t«3ül.lOb. 

; JUl>lUbO01»^Ul»10ä)«KFtAG 
C HtFLECT   AT LEFT   1NTEHFACE OF  CELL 

105   1KU(K))1UÖ.1U7.1Ü7 
107 FLEFTJJ)=Ü 

W» TO 767 
10t) l,AMC(J) = (AMX(K)*X(H»«J.U*U(K))/(TAU<I)*PlÜTb) 

XF(GAMC(J)+AMX<(O7t>t».706»7b6 
765 bA?4C(J)=-AMX(K) 
766 FLtFTU>=2.U*faAMC<JUU«K) 
767 <,AMC(JI=Ü.O 

TAMC(J)=U.O 
>>16C(J)=U.O 

C     TOP INTLKFACE OF CELL COMPUfATlON 
iOl  60 TO(3ü4<,}ü4»30^'90««30«'5ü*«303'302>3U2'3U«» 

13U««30<»>303»303»30«>3Ü<»)»KFLA6 
C    KtFLECT AT TOP CELL INTLKFACE 

302 IK(I.OT.ISH) .OH. (SOLlU(I^2>.EQ.0.il 60 TO 3302 
AMPYs>SOC10(lS«i«l 
IF(AMPY.tö.ü.» GO TO 501 
GO TP 503 

3302 IF(ViK)) 305'305>30b 
305 AMVTsO.O 

60 TO 501 
306 AMPY=(AMX(K)*V(K)*UT)/Dy(J) 

iF(AmPT*AMX(K»)3ü7»3Ü»»308 
307 AMPYs-AMXIK» 
308 AHIVT=2,U*AMPY*V(K) 
501 AMPTsO.O 

AMUTsO.O 
UELETSO.O 
60 TU 5U3 

C    THAN5M1T AT TOP CELL INTERFACE 
303 IF(V(K))50<»«50«'508 
b0<* AMPVsO.O 

AMUT=0.0 
AMVTsO.U 
UELETso.O 
60 TU 503 

506 1FIAMX(KH506«50<«*96 
96 AMPYs(AMX(K)*VIK)*OTI/UTU> 

60 TO 503 
C    NO HOUNDAHT CONDITIONS AT TOP INTERFACE 

30H lF(UMXiL).NE.O.) .AND. (JMKtKFIT(Li *2» .EO.UI 
1   .AND. (J.E0.J5-1H GO TO 21« 
IF( JMH(KFIT(L)»2>.E«.0 I 60 TO 703 

21*» IF(JMK(KFIT(K )»«!).Nt.O) 60 TO 209 

70 

■ 



■ ■ ' ■ 

AFWL-TR-66-108.  Vol n 

Ut2sflOUT(K) 
FMTs.J» 
tfFKS('(K) 
lK(J.Lf.Jb-i).UH.(1.0T.ISN).U«.(AMX(K).Nt.U.)!   GO   TO  21b 
V»-HS<UV*l.)*(-CO»/(OW-l,) 

bO  Tu  ülub 
ülo   1F(AU!»(V(L)).^T.AÜS(H<KI))        VFI<=V(L) 

iK<AMX(K).Nt.ü.).ANU.(Al)'J<«(K)>.oT.AI<S(l'(K))))   VfR=y(K( 
P(K)*VFH 

2ltib   yAöOVt=W(L)*t   VFH-V<L))*Uir<J*l)/<UV(J*l)*2.*FlOUT(K)) 
FXOUl(K»=ABb<VFK>*üT*FIüÜTU» 
lF<F10UT(K).Ok.UV(J)-l.t-TI   P<Kl4}sP<K) 
lF((HOUT(K).OL.Liy(J)~l.t-7>.ANU.{.^K(Kf-IT(K + l).2).t0.n)) 

2 THtTACMlUTHUAU) 
lF(F10UT(K).<>t..Or(J))   FlüUT(Km=FIOllT(K)-Dr(J» 
FMT=IFIOUT(K»/(DLTZ*UU))»*<»*(l.-<OLZ/FIOUTlK)l**<H»FMT 
lF(FMT.(»r.l.»   FMTsl. 
AMPY-~AMX(L)*FMT 
yFI=VAÜüVt**ü*U(L)*»«;-AMX(K)/(AMK<K)-AMHr)*((V(KI-VAPOVC>»*2 

2 *(U(K)-U(L) )*•<>) 
t»0  TU  t>üJ 

21t»   lF(JMN(KFIT(K)»2).tU.U>   (iO   TO  bU« 
200  WBOVtsVU) PH2   1510 

(,0  Tu 212 PH2   1520 
209   WAöOVt=V(L.) + (V(K)-V(U)»UY(J4l)/!UT(J+n*DYU)) 
212 CONTINUE PH2  1^0 

lHVAbOVt)7Ul.70J.70U 
70U lFtAMX(K))703t70A>7U<t 
703 AMPTsO 

AMUTSÜ 
ANVTset 
UtLET=ü 
M) TO 503 

70*» KCsL 
KUSK 
JJSJ 
IF(((KHÜ(L).OT.HHOCKJ).ANÜ.(VAÜÜVt.LT.O.)».OR. 

2 ( (KHOIU.LT.RHOIKI).ANU.(VAUOVE.Gt.0.)11 
3 60   TO 61«0 

AMPTsTAUd   )*KHO(KD)«yAUOVE*UT 
1F1V<KÜ)»V(KC).LT.0.)   AMPVsu. 
60 TO bl50 

61«0  AMPYs  TAU<1)/3.»(KH0(L)*V(L»4RH0(K)*V<K» 
l*VABOVt*S«PTtHHO(K)*HHO(L)))*üT 

1F<AMPY«VABOWE.LT.O.>   AKPY=0. 
6150 Ay«s.t>*(i«*RHO(KC)/KHOlKD}> 

VA(»OVEsAVW*V(KOU(l.>AVW)*VfKC> 
60 TO 503 

701  IFUMJUU) 703t 703« 7Ü5 
705 KCSK 

KOSt 
JJsJ*l 
lFJC<KHO<L».6T.RHO(Kn.AU0.(VABOVE.tT.CI.)).0H. 

2 ((MHO(U«LT.RHO(Kn.AN0>'.VftBOVE.6E.0«m 
3 60  TO 61<»0 

■SMPYsTAUd   l*RHOIKDi*yABOy£*OT 
IP(V(KD)*V(KCI.LT.O.)   AMPVsO. 
60 TO 6150 

C KI6HT  INTERFACE OF CEU CALCULATION 
503 60 TO('»05»«»06»H05»7Ufc.»OSt«>05»H05»«i05f70b»706» 

l«03»707*«O5*707*707t«05)»KFLA6 
C REFLECT AT RIGHT CELL  INTERFACE 

706 lF(U(Kn7O6'7O0«71O 
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7Utt AMJ«=U.U 
tau TO 709 

71U AMMP=(AMX(K)*X(I)*2.U*U(K))/«TAU(I)*f>IDTS> 
IF(AMMP-AMXtK))71Ü.712.711 

711 AMMP-AMX(K) 
712 AMUR=^.U*AMMM*U(K) 
709 AMMP=0.0 

AMVHSU.U 
Ut,LEH=0.ü 
(»0 Tü 71b 

C     TKANbMIT AT MIGHT CtLL INTEHFACt 
707 If(U(K>)713»713.71H 
71J AMMP=Ü.Ü 

AMUR=0.0 
AMVR=Ü.Ü 
UtLEK=0.0 
(»0  TO  71b 

71(*   IF(AMX(Kn713.71Ji71'j 
71b   AMMP=(2.U*AMX(K)*X(l)*U(K»)/(TAU(I)*t'IurS) 

toü   TO  71fa 
<4Üi>   XF(JMH(KHT(K + l).Ü)U11.4n.409 
<*09   lF(AfiXtK:)*»lü><»lü«<»Ü7 PH2   1600 
•♦10   ÜHK=U<K + 1) PH2   1610 

00  Tu  *ÜB PH2  1620 
«m   lF(JMK(KFIT(K).2).tU.l(   Ü0   TO   406 
403  UHH=0.0 PM2   1640 

faü   TO  <*üö PH2  1650 
406 CONTlNUt 

ÜLTZ=  UXlI+l) 
ULZ=  CAP(K*1) 
i;FK=THtTA(K + l) 
lF(Aüb(U(K)).6T.AUS(THETA(K«l)))        UFK=U(K) 
IF(J.t«.Jb)   UFK=2.*CU/(bV-l.) 
lFt(AMX<K*l).NE.U.>.ANO.(ABb(U(K+l»).üT.AÜS(THETA(K+l))n 

2 JFK=U(K*1) 
THETA(K*1)=UFH 
UHR=U(K)'MUFH -U(K) )*UX( I)/tDX(l)+CAP<K*in 
CAP(K*1)=  AUi(UFK)«üT*CAP(K*l) 
IF(CAP(K*l).6E.DX(I*l)-l,E-7)THtTA(K*2)=THETA(K*l) 
IF((CAP(K+l).&E.LiX(l*l)~l.E-7).ANU.(JMK(KFIT(KB*l)*2>.EQ.0>) 

2 P(KU«1)=P(K+1) 
1F(CAH(K*1).6T.DX(I*1))   CAP(K*2)=CAP(K*1)-DX(I*1i 
FMT=(CAF(K-U)/(DLU*UL2) )•*»♦•( l.-(OL.Z/CAP(K*l) )*•«♦) 

FMTs.b^FWT 
lFtFMT.6T.l.)FMT=l. 
AMMP£AMX(K)«FMT 
UFIrUHK»»2+V(K)**2-AMX(K*l>/(AMX(K+lJ*A»WP)*((U(K-H»-URR)**2 

2 ♦(V(K*1)-V(K))**2) 
4*0   TO   71b 

407 UKK=U(K)v(U(K4l)-U(Kn*UX(m)   /(UX(I)*UX(I + in 
406  COrvfTXKUt PH2   1700 

C NO  BOUNUAKT  CONUITIONb AT  RIGHT   INTERFACE 
IF<UKR)71ö»719.717 

717   IF(AMX(K))719,719»72Ü 
720  KC=K4l 

KÜ=K 
toO  TO  730 

6100  CONTlNUt 
XUSX(l)-UX(I)/2. 
XttPsx(I4l)-OX(I«l)/2. 
AMMP  =((WH0(K)*XU     »UCK)♦HHü(K+l>»XbP       *U(K*in 

1        ♦UHH*X(l)*S«RT(«HÜ(K)*W0(K*l)))*2./PIDTb*.33333*0Y(J> 
IF(AMMP*URK.LT,0.)   AMMP=0. 

6110   AUI»=.t>*(l.*RHO(KC)   /KHO(KO)) 
1F<A'J»(.6T.I.)   AUWSl. 
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UKI<=AUW*U(KU)«( l.-AUW)«U(KC) 
IF   (UtK).Nt.U.)   00   10   71(> 
UHKSÜ. 

7ly  AMMP=U.U 
AMUR=U.Ü 
AMVR=O.U 
UE:LCH=U.U 
uü TO 71b 

71Ö 1F(AMX(K+I»)719,7l9.7al 
721 KCSK 

KÜ=K*1 
730 If(<tHMÜ(K).bT.HHO(K+l)).ANll. (URR.ftT.O.)) .0«. 

i        ((KH0(Kl.LT.HH0(K4l)).ANU. (UKH.LT.O.))) 
3 TEST=U0NNEK 
AMMP=KHO(KÜ)*X(l)*UHK#a./PlUTb*l)Y(J) 
IF(U(KU)*U(KC).LT.O.) AMMP=U. 
bü TO bill) 

71b C0NT1NUL 
1F(JMHIKHT(K  )><;).tU.0) 00 TO 7260 
lF(J,LU.Jb) 00 TO 71bü 
IF(JMK(KFIT(L)«2).EU.Ü) 00 TO 7160 
WPLUb=V(LH)*(>'<L)-W(LH))*DY(J+2>/<DY(J4i!KDt(J*l)) 
IFCVHLUS) 7ü20»7ülO»7ÜlO 

7010 KCSUP 
KU=L 
JJsJ-fl 
00 TO 7030 

7020 KC=L 
KüsLH 
JJSJ4«! 

7030 1F((( KHO(LF).GT.KHO(L>).ANU.(VPLUS.L.E.O.)) .OR. 
2 (( KHÜ(LP).LT.KHOlL)>.ANO.(VPLUS.Gt.0.,>)> 
3 00 TO 7040 
AMMPT=TAU(I )*HHO(KU)*WPLUS*üT 
1F(V(KU)«V(KC).LT.0.) AMMPY=0. 
00 TO 70b0 

7U40 CONTINUE 
AMMPY=TAU(I)/3.*(RH0(LP)*V(LP)*HH0(L)*W(L) 

1 +VPLUS«SaRT(RHO(L)*RMO(LP)) )*DT 
lF<AMMPY*WPLUb.LT.Ö.) AMMPYsO. 

7050 CONTINUE 
lF(JMK(KFlT(tP)»2)»Ey.O»   AMMPY=0. 
IF»   <J.tU.Jt>-l).AND.(I.UE.ISH)   )   ANNPY s-SOUDdS+l1»     » 
IF«   (J.tU.Jb-D.AND.d.OT.ISRJ   )   AMMPY SO. 
UPS=UIU)*(U{L*1)-U(L))*ÜK(IJ/(DX(1)*0X(1*1)) 
IF<UPb)  7070»7065.7065 

7065 Kü=L 
KCSL+I 
(»0 TO 70b J 

7070 KC=L 

7080 IF «((«HO(L».faT.HHOlL+l)>.AND.  (UPS.6T.0«)).OR. 
2 <(HHO(L).LT.HH0(L+1)).ANU.(UPS.LT.O.))) 
3 TEST=Ü<>NE'< 
AMMMP = t<HUtKÜ>*X<I)«UP&*2./ PIDTS-DYU» 
IF(U(KL))*UU<C).LT.O.)  AMMMP=0. 
SO TO 709b 

7090 CONTINUE 
XB=X(I)-UX(I)/2. 
XUP=X(1+1)-UX U♦1)/2. 
AMMMP= (RHO(L>*Xb»U(L>-»-HHO(l.+ l)*XHP*U(L*l,v 

I    ♦UPb*X(I)«S«RT(HH0(U)»HH0(L*i)»)*2./PlUTS*.33333*DY»J+l) 
IF(AMMMP«UPä.LT.O.) AMMMP=0. 

7095 CONTINUE 
IF(JMH(KFlT<l>l)«2).bU.l)eO TO 7060 
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lMAMXtL»H.Ul.Ü.) UfH  =1.'.>«U(L) 
IKAI>b(TMtTAlL*l)).Lr.Aüi.<U(Ln) UH»= U(L» 
ULTZsUXd-H» 
üLZ=CAP(L+l> 
CAPLH=CAP (L + l) Mlib (UH<) »UT 
f-MT=(CAHUV(ÜLTZ*ULZ))M'»*(i.-«l)l.Z/CAPU')**'») 

AMMMP=AMX(L>«(AMiNl(f-MT«l.>) 
7UbU  tONTlNUt 

lF<(bAMC(jn)-AMMPY+AMX(U*.b).ttt.«AMMMP-AMMtn   GO   To  7lh0 
MbA   =(OAMC(J*l>-AMMHY+AhX<L)*.b)/<AMMMP-AMPr» 
AMPY=AMPY*WbA 

7160  CÜNTlNUt 
1F«JMK(KHT(K + 1>»2).LU.U)   ÜÜ  TO  7260 
AMS^'YSAMPY 
IFCCJ.LU.Jb)   .ANü.U.Lt.lSH))   AMMPY=-SOLID( I'J*l'») 
IF((vi.tO.Jb)   .ANU.(l.üT.lSR))   AMMPY=Ü. 
1F<GAMC(J)-AMMPY*AMX(K)*.5.1.T.AMMP-AMMY)   GO  TO  7260 
AMMP  =  bAMC(J)-AMMPY*fiMMY*AMX(K)*.5 
IFiAMMP.LT.U.)   AMMP  =0. 

726U  CONTlNUt 
FLO=mOUT(K)-(UY{J)-l.E-7) 

JÜSJ   iF(AMPY)H83<»»80Jl»Hä^3 
aoii   IKJH10H-J)99Ul»J18.üöJb 
Hb3b   lF(JMHtKFlT(K)»2).tU.l)   GO   TO  8837 

KMsK~IMAX 
1F(JMH«KFIT<KM )»2).ta.Ü) GO TO 8838 
1F(FL0.LT.Ü.) GO TO 8837 
CALL MFST(KFIT(K)i2) 
GO TO 318 

8037  IF« TAUU  »♦DY(J  )/  AMPY ,LT.Z(i38) ) 60 TO 31fl 
8830 AMPY=0.0 

GO TO 8831 
8834  lF(J-JL0W)99U2>32btü839 
8839 KP=K+IMAX 

IF(J.tü.JHIGH)   GO  TO 8840 
IF«JMH«KF1T«K     )>2).LQ.l)   60  TO 8840 
IFUMK(KHT(KP   »»Zl.tU.O)   60  TO 6841 
1F(FL0.LT.0.)   GO  TO  8840 
CALL MFST(KFIT(K)>2) 
GO TO 32b 

8840 IF« TAU«I  »«OY«J*l»/«-AMPY).LT.Z«138» ) GO TO 325 
8841 AMPYsU.O 

GO TO 8831 
318 UtLM=GAMr.(JJ*AMMY-AMPY 
322 IF(J-JHIGH)324t323»324 
323 wi.=U(K)**2+tf«K>**2 

tTH=tTH-AMPY*«AIX«K)*«(S/2.Ü) 
IF«AMPY/«TAU<I)*UY(J))-TOZONE)324.324»6900 

6900 HtZ=l.ü 
324 GO TO «b901*690l>32b>69ül»6901>6901>690l*926>326» 

lb90lf6901*6901»6901i69ül»6901»6901)fKFLA6 
6901 AMUT=AMPY«U«K) 

AMWT=AMPY*V«K) 
GO TU 326 

8831 GO T0«69ü2»6902»6903»6902»6902t6902>6902*6903*6903» 
16902»6902»6902! > 6902• b9Q2.6902.6902 >. KFLAG 

6902 AMUT=AMPY*U(L) 
AMVT =AMPY*VAUOVL 
IF(Abb«AMVT>.6T.ABS«AMX(L)«W<L))) AMVT=SI6N(«AMX«L»«V«L>»»AMVT) 

6903 ÜtLM=6AMC«JI-AMPY*AMMY 
326 IF«AMPY)327#328»328 
327 üeLET=AlX«L)*«U<L)«»2*V«L»*«2>/2.0 ' 

IF« «l.GT.lbK» .OR.  «J.LT.J5) ) 60 TO 3327 

PM2 339(1 

PI 12 3440 
PH2 3450 

PH2 3490 
PH2 3500 
PH2 3510 

PH2 3530 
PH2 3540 
PH2 3550 
PH2 3560 

Ji-" 

PH2 3580 
PH2 3590 
PH2 3600 

PH2 3640 
PH2 3650 
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♦VFI/2. 

AMUT=U. 
AMWT=AMHY*SOHO(IS+lij) 
LTHSLTH-AMHV» (HV»l*HCU*bOLIÜ( IS» lijl ♦♦2/2<» 
iiO  TU  Hi 

JJ.J7  tüNTlNUL 
AMAS=KHU(K)/KHO(L) 
AMM=   U.bJ   4   U.ZJJ^AMA'J 
IF(AHA!>.bt.«5) 

1   AMWr.üMl.b + AMAi, 
IKAMW.Üt.l.)   AMM=1. 
UtKn=AIX(K)*(UtL)**«i*V(K)«*2l   /2. 
UELET=AMI««OtLtT* 11 »-AMK»»UEKTT 
lF(JMHtKFIT(K)»2).NL.l)   UELLT=HVH+HCI)-HCP 
uO  TO  3JJ 

J2M   IKAMMY)Ji;9rJJ0»JJü 
329 L»tLE1=UtLtU 

üO  TU  ÜJ 
330 tF(6AMC(jn331>332f332 
331 UtLEt=bIOC(J) 

00 TO  333 
332 UELETi=AlX<K)*tU«K)**2*V(K)«»2)/2.0 
333 i,iGMU=FLtFTU)*AMMU-AMUT 

bI6MV=YAMC(J)♦AMMV-AMVT 
UELEK=üAMC(J»«SlüC(J)*AMMY»ÜtLEB-AMPy*DELET 
F».0=CAP(K*l)-(DX(l*l»-ltt-7) 

bOt  lKAMMP)ööt3»bl8»88'»<* 
ÖBH«»   IFd.tU.lMAX)   GO TO blO 

1F(JMK(KFIT(K)*2).NL.1)   00  TO 8817 
IFlJMH(KKlT(K + l).2).tQ.l)   60  TO 88<*6 
IF(FLO.LT.0,J   60 TO öS^b 
CALL MFSTJKF1T(K*1!»2) 
60 TO bltt 

8tt<>b 60 TO bib 
8ttH7  AMMP=Ü.O 

60 TO bib 
8bi»3   IFd.tQ.ll+l)   60 TO bl2 

IF(JMK(KFIT(IUl)»2).NEil)   60 TO 8850 
1F(JMR(KFIT(K     )»2).EQ.ll   60 TO e8«»9 
IFCFLO.LT.O.)   60 TO 8849 
CALL MFST(KF1T(K)»2> 
60 TO  512 

8b'»9     IF(   TAUd + lUOYtJ     )/(-AMMP> tLT.2(1381   I   60 TO 512 
8850  AMMP=0.0 

00  TO  bib 
512 UtLM=ULLM-AMMP+AM)k(K) 
513 CONTINUL 
blH CONTINUL 

bbZtt AHURSAMMP«U(K*1) 
AMVR=AMMP«V(K«1) 
WÜ TO 525 

bib UELM=UtLM-AMMP+AMX'K) 
b21 CONTINUE 
b22 00 TO (b2'»»b2<»»52'«»b2'»»b2'»»b2'»»52«»»52«»»b2«»f 

lb2<»»b2<».b23»b2«».b23»b23.b2<»)»KFLA6 
525 «S=U(K)**2*V(K)**2 

ETH=LTH-AMMP*(AIX(K)+WS/2.0) 
b2<» AMUR = AMMP*UHK 

IF(AUS(AMUR).6T.ABS(AMX(K)»UCK))) AMUH=S16N(IAMX(K»«U«K)). 
AMVR=AMMP*V(K> 

525 bI6MU=Sl6MU-AMUR 
bl6MV=Sl6MV-AMVA 

b2fa T1C=Ü.Ü 
531 lF(AMMP)b32>533r53<t 
532 ÜELEK=  AIX(K*U«-(U«K*li««2*V(K*l)«*2)/2. 

AMUR) 

PH? 3660 
PH2 3670 
PH2 3680 
PM2 3690 
PH2 3700 
PH2 3710 
PH2 3720 
PH2 3730 
PH2 3740 
PH2 37b0 
PM2 3760 

PH2 3770 

PH2 3810 
PH2 3820 

PH2 3860 
PH2 3870 
PH2 3880 
PH2 3890 
PH2 3900 
PH2 3910 
PH2 3920 
PH2 3930 
PH2 39H0 
PH2 3950 

PH2 3970 
PH2 3980 

PM2 1020 
PH2 «»030 
PH2 «OHO 
PH2 «»ObO 
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bO Tu  bib 
t/JJ UtUEK=ü. 

(»U  TO bib 
b.iH  UtLEH=  A1X(KK(U(K)*«24V(K)**2)   /2. 

AMAS  =  KH0(K41)/KH0(K) 
AHt(  S   U.bJ+ü.i;33*AMAb 
IFUMA&.GE...)) 

1  AMW=.2b41.b*AMAj 
IF(AM«(.(>t.l.)   AMN=1. 
UtKTT=AlX(Kn)MU(Kn )♦♦<!♦ V(K     )**2)/2. 
UtLEK=AMW*üt:Lt.H* (1 .-AMW) ♦OEKTT 
XF(JMHCKFIT(K*l).2).Nt.l»0ELEH=MVU*MCU-HCP*UFl/2. 

bib  UtLF.K=  ÜtLLK-AMMP*DtLtR 
iÜ*  AlX(K)*(U(K)«*2+V(K)*«2)/2. 

»38 tTH=fc.TH+FSH+FSU 
b«»0 tNK=AMX(K)*WS«UELEK«FSU4FSR 
iitl   U(K) = (bl(,MU*AMX(K)*U(Kn/üELM 
t)01   V (K) = (SltoMV+AMX (K) • V (K)) /UELM 
bOJ  NäsU(K>*«2«V(K)**2 
b<«2  AIX(K)=LNK/UELM-«S/<!.0 
b<*3  <HX(K)=Ul.LM 

KHO(K)=AMX(K)/(ÜT^J)*TAU(I)) 
1F(AMX(K].G  T.O.)   GU  TO bnH 
AIX(K)=Ü   . 

U(K)=Ü.O 
V(K)=U.O 
H(K)=U.O 
KHO(K)=U. 

b«»<*  üAMC(J)=AKHP 
FLEFT«vi>=AMUR 
VAMCtJisAMVK 
äIGC(J)sUELEK 

545 AMMYsAMPY 
AMMUsAMUT 
AMMV=AMVT 
üCLEMSÜfcUT 

702 CONTINUE 
bO TO (b<»6»b4b*5'»9»b<*6»b<»6i<b<>6»bH6ibH9>b'»9rM6f5<»6f 

IbHbf b4bfbi»6>b<»6f b<»b) »KFLA6 
b<»b K=K + IMAX 

LL=K-IMAX 
&H9 CONTINUE 
bH7  CONTINUE 

böOl CONTINUE 
bö02 GO TO bHtt 
9901 bls9.0833 

GO TO 9999 
9902 bl=9.8B3»» 
9999 CALL EDIT 
bIS SUMSO.U 

UO bbO l=lfIMAX 
UO bbO J=1»JMAX 
KS(J-1)*IMAX4I>1 
IF((JMR<KFIT<K).Ü).EU.2).ANU.(AMX(K).6T.0.)> GO TO blO 
GO TO Mb 

blii  L=K*1MAX 
CALL MFST(KFIT<K)>1) 

bUS bV=l./RHÜ(K) 
IF«JMH(KFIT(K)»2).NE.0> 

1CALL ES(SW.AIX(K).THETA(KI»P(K)»CAP(KIr6G) 
bbO CONTINUE 

8001 RETURN 
ENÜ 

PH2 «300 
PM2 «310 
PH2 t»<»00 
PH2 miO 
PH2 •»«♦20 

PM2 <»<»50 
PH2 HHbO 
PH2 <»« 70 

PH2 '»'♦80 
PH2 '♦'♦90 
PH2 tbOO 
PH2 «»510 
PH2 '♦520 
PH2 1590 
PH2 <»S<»0 
PH2 «»550 

PH2 «»SbO 

PH2 <»6>»0 
PH2 «720 
PH2 0730 

?H2 «»970 

PH2 S2b0 
PH2 S270 
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wi 

c 
c 
c 
c 

HJH    FLAlf»  H.AO/KJ 
bUUHUUTINL FLA(>(KFLAü}JLOM*JHIOH) 

UIMLNSIUN 
1U(12UÜ)» V(12U0)» AMXd^OO».        AIX(1200)» 
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1.2.'/7t-07 
3.9a7L-06 
l.lb9L-0« 
!.9b'»L-03 
3.bb3t-06 

l.lü(»t-ü<» 
2.2 79t-03 
i.0b<»t-02 
<l.031t-05 
1.12<»t-03 
I,üb<»t-Ü2 
2.b52t-ll2 
3.739E-02 
5.ü96t-03 

2,blUL-02 
<».72bt-02 
b.203t-02 
1.3U8L-Ü2 
<».887L-02 
7.7*»lt-02 
9.5blt-02 
2.629t-02 
8.0b2E-02 

1.18UL-01 
l.tlOb-Ol 
«».201L-Ü2 
1.227L-01 
1.733E-01 
2.0lbt-01 
6.0b3k-02 
1.772t-01 
2.'»bbt-01 

2.830k.-01 
7.700t-02 
2.4501.-01 
3.'»26L-01 
3.911t-01 
«.182t-01 

2.2001-üc». 
b.9b7t-ü«» 
2.197t-Ub» 
b.b9*e-0b. 
2.2001-07. 
6.901E-Ü6» 
2.ü5<»t-0««. 
2.722E-03. 
b.333t-06. 

3.9121-09. 
1.23/fc-U7» 
3.,J0<»fc-0b» 
l.lbbE-ü«» 
3.9llt-U7. 
l.232E-0b» 
3.<»7bE-ü'»» 
3.5b3E-03» 
l.l2bt-0b/ 

1.9321- 
3.284E- 
1.217E- 
7.1<»9E- 
1.8U7E- 
1.312E' 
2.776E- 
3.950E- 
7.557E- 

04. 
03» 
02* 
üb» 
03» 
02» 
02» 
0<t» 
03» 

.3«2E-Ü<t» 

.«8bE-03» 

.375E-02» 

.2b3E-0«»» 

.903E-03» 

.b6bE-02» 

.989L-02» 

.91HE-Ü<t» 

.0&0E-02/ 

2.99bE-02» 
5.013£-02> 
6,399E-02» 
1.861E-02» 
b,««»6E-02» 
8.103E-02» 
9.795E-02. 
3.501E-02» 
8.823E-02» 

3.382E-02» 
b.283E-02» 
2.21<»E-03» 
2.««»bE-02. 
5.981E-02» 
8.it39E-02f 
1.001E-01» 
•».«♦<»bE-02» 
9.533E-Ü2/ 

1.230E-01» 1.272E-01» 
1.438E-01» l.lbHE-Ol» 
5.bl3E-02» 7.0i»7E-02» 
1.331E-01» m3lE-01» 
1.792E-01» 1.8H5E-Ü1» 
2.051E-01» 2.083E-01» 
8.0"»0E-02» 1.013E-01» 
1.922E-01» 2.0b7E-01» 
2.b<>2E-01» 2.612E-01/ 

2.873E-01» 2.913E-Ü1» 
1.0<I7E-01» 1.3<»6E-01» 
2.667E-01» 2.859E-01» 
3.532E-01» 3.62<»E-01» 
3.966E-01» «.OlbE-Ol» 
1.2<t<tL-01f   1.6b2L-ül» 
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7 i{,076L-Ül» ü.<»97t-ül 
ö «♦.lUUt-ül» H.ilbt-Ul 
<*  b.0b«»t-ül»   'j.l<»bt-ül 

COMMÜN/tiT/^H b(b*) 
UATA   lb  t>/ 

1 b.ttölt-Ul.   b.bJüt-Ul 
2 2.«»3<»t-Ül. 3.02UL-Ü1 
J !>.3i»bL-Ult ii.bZUt-Ol 
t o.4y9t-ul. ü.6Ut-ui 
t» 7.02&t-ül» 7.0H7L-U1 
t» 2.62Vt>Ul» ,J.39bt-Ui 
7 ü.byjL-Ulr b.9bUt.-Ul 
ö Ö.117t-Ül» Ö.2b2t-Ul 
9 Ö.T77L-01»   b.8blt-ül 

COMMÜN/tST/ZU 7«b<») 
UATA ZU 7/ 

1 tf.Ubt-Ui» 3,b33t-üi 
2 7.89bt-Ulf B.<tO<tt.-ül 
i 9,929L-0i» 1.012t üü 
<t 1.07bt ÜÜ. l.ÜSbt üü 
b ItigK. UQ» 1.12bE üü 
b 9.2U6t-01* 9.9Ut-ül 
7 1.19bt ÜÜ» 1.22Ut üü 
b 1.302L üü» 1.313t ÜÜ 
9  1.3bbt  üü»   1.361t  Oü 
COMMON/tST/Zü 8(471 
DATA tu  8/ 

1 i.Otbt  ÜÜ»   l.l<Mtt  üü 
2 l.^2t  00*   l.<»S3t  Oü 
3 1.960t UO» 1.57bt 00 
<♦ 1.628t 00* 1.636t 00 
b 1.149t U). 1.290t 00 
6 1.68bt üü» 1.730E 00 
7 1.872t 00* 1.890t üü 
ö 1.9böt 00* 1.96öt ÜÜ 

COMMON/EST/ZU 9(29) 
UATA £ti  9/ 

9.721E-1 
1.91»E+Ü 
2.211t*ü 
2.33bf.*ü 
2.<tülE*ü 

b 
b  l.ü29t«ü* 
7 2.1ö0t*ü» 
8 2.32üt+0* 
9 2.391t+0* 
COMMON/tST/ZUlO (b«») 
UATA 4*10/ 

1 2.l03t*0» 2.229E+Ü 
2 2.bb'*E*0* 2.623E+Ü 
3 2.7b<»t*ü* 2.772E«0 
4 2.ö39t*U* 2.8btE*ü 
b 2.373t 4-0* 2.5büE+Ü 
6 3.ü03t*0* 3.0b«E*0 
7 3.223E*0* 3.24bE*0 
8 3.331t«0* 3.343E+Ü 
9 2.büüt+0» 2.834E+Ü 

C0MMUN/tST/2Bll(b<t) 
UATA £Ull/ 

1 3.*»blt*ü» 3.527E+Ü 
2 3.739t*Ü. 3.7t>8E*ü 
3 3.87lt*ü. 3.086t*ü 
H 2.7<»6t*0* 3.0b2E*ü 
b J.93eE+0* «.025E*0 
6 «t.301t*0» H.337E+0 
7 •♦.Hbbt*0* <»,46bt*ü 
6 2.780t*0* 3.2bbE*ü 
9 H,HH9t*0t «.5b6E«ü 
C0MM0N/tST/ZHl2 (b«») 

^.891t-01* 3.2b0t-01* 3.b70f-01» 3.ebüt-01» 
t.bObt-Ol» 4.b71t-01* M.817f.-01* «♦.9«»8t-01* 
b.i^bt-Ul*   b.2'>9t-0l»   5.360L-01*   b.«»27E-01/ 

b.57bt-01* 
3.bSUL-01. 
b.8SbE-01* 
b.71bt-01» 
7.1i»^t-01* 
«».17<»t-0l» 
7.272t-0l* 
b.390t-01* 
b.91ttt-01* 

<«.bllt-01* 
b.81»L-01» 
1.023t 00* 
1.093t 00* 
O.S40E-01* 
1.0*»9t 00* 
1.2<»lt 00* 
1.323E 00* 
1.367t   00* 

1.224E 00* 
i.<»eüt oo* 
l.b88E 00* 
1.644E 00* 
l.'»02E 00* 
1.768E 00* 
1.907E 00» 
1.977t 00* 

1.216E+0* 
1.991E+Ü» 
2.239E+0. 
2.346E+0» 
1.217E+0« 

2.331E*0* 
2.6b6E*0* 
2.788E+0» 
2.8b9E*0» 
2.681E+0» 
3.097E*0* 
3.2b6E^0* 
3.3bbE*0* 
3.019E+0* 

3.5a2E*0. 
3.793E*0» 
3.900E+0» 
3,3«H»E*0» 
«♦.098E*0» 
<».369E+0* 
H.502E^0» 
3.627E+0» 
4.661E40» 

b.blbt-01* 
'♦.117t-01» 
6.0b2t-01» 
6.H06t-01* 
7.192t-0i* 
t.923L-0J. 
7.53«»t-01» 
8.bO*»E-01* 
8.979t-01» 

b.bb5t-01» 
9.1b8t-01* 
1.042t 00» 
1.101t 00» 
S.919E-01» 
1.096E 00» 
1.259t 00» 
1.332E 00» 
6.232E-01« 

1.289t 00» 
l.bOtt 00» 
1.600t PO* 
l.bbOE 00* 
1.492E 00» 
1.799E 00» 
1.922E 00* 
1.9öbt 00* 

l,41bt*0. 
2.0blE*0» 
2.263E+0* 
2.361E+0» 
l.497E*0» 

2.<»lbE*0* 
2.68bE40* 
3.803E+0* 
l.bObE*0. 
2.786E40* 
3.13SE40* 
3.28bE*0» 
3.36bE*0* 
3.164t*0» 

3.630E*0* 
3.815E*0» 
3.913E+0» 
3.548E*0» 
4.161E40» 
4.397t+0» 
4.51ttE*0» 
3.909fc*0. 
4.743E+0» 

b.664t-0l» 
«.b95E-0l» 
6.218E-01. 
6.887E-01» 
7.239E-01» 
5,b92E-01» 
7.75eE-ül» 
8.60bE-01» 
9.035t-0l» 

6.b01E-01» 
9.463E-01» 
1.055E 00» 
1.108t 00» 
7.244E-01. 
1.135t 00» 
1.275f; 00* 
i.340E 00* 
7.683E-0J* 

1.863E-01* 
b.017E-01* 
b.370E-01* 
6.960E-01* 
7.281E-01* 
6.139E-01* 
7.9bOE-01* 
B.695t-01» 
9.087E-01/ 

7.2b8E-01* 
9.714E-01* 
1.066E 00* 
1.114E 00» 
8.329E-01. 
1.168E 00* 
1.289E 00* 
1.348t 00* 
9.209E-01/ 

1.341E 00* 
1.525E 00* 
1.611E 00* 
8.692t-01. 
l.b69E 00* 
1.627E 00* 
1.935t 00* 
1.993E 00/ 

1.580b40* 
2.100E+0» 
2.284E+0» 
2.372E*0. 
1.743E40* 

2.485E+0» 
2.711E40* 
2.817E40» 
1.854E*0. 
2.872E+0» 
3.168t*0» 
3.301E40* 
1.870E*0* 
3.2B4E40* 

3.672E+0. 
3.836E40* 
3.92bt*0* 
3.706E*0* 
4.214E+0. 
4.422E+0» 
4.532E*0* 
4.130E+0* 
4.ei2E*0» 

1.386E 00« 
1.544E 00» 
1.619E 00» 
9.739E-01. 
1.633E 00» 
1.851E 00» 
1.947E  00» 

1.718E+0» 
2.143E*0» 
2.303E40* 
2.382E40* 
l.944E*0/ 

2.b38E*0* 
2.73JE*0* 
2.823E40* 
2.143E40* 
2.943E+0. 
3.197E*0» 
3.317E*0* 
2.27eE*0» 
3,381E*0/ 

3.708E*0» 
3.854E40» 
2.303E40» 
3.834E40» 
4.261E40» 
4.445E40» 
4.545E*0» 
4.307E*0» 
4.87214-0/ 
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1 
I 
i 
H 
t> 
b 
7 
Ö 
9 

UATA 2U12/ 
•».y2«»L*ü»  <«.9b9t*Ü» 

b.^^iL+U» i.3u7L*U» 
"♦.VÖbt + U» b.l^'jk + U» 
b.Stti;L*üi b.b<f3t«U« 
!>.772t*U» 'j.7y*E*0» 
b.HÖOL + Ü. b.OV<»L*U. 
b.b*:bL + Ut b.bbttL^U» 
b.Ub7t*U.  b,llVt*U» 
COMMON/LbT//HU( 9) 
UATA ZUi3/ 

1 b.iUbMO.  b.J3Ut+U. 
2 b.'*J7t + Ü. fa.^bit + U» 

COMMUN/tST/tlLN l(b<«) 
UATA  blLN  1/ 

i-1.9blt Ul.-l.9blt Ulf 
2-1.672t   Ult-1.61^.   Ui.- 
i-i»a&k ui.~i.2böL uif 
«-9.0ü2t Uü.-9.229t UU.' 
5-b.»»blt Ü0»-1.'»99L ül»- 
b-1.21üt UX.-l.lb^L Ulf- 
7-tt.6b<tt UU.-tt.004t DU«- 
«-b.393t U0.-4.921L ÜU.- 
V-S.Sibt   U0»-3.14ft UU»- 

COMMON/tSI/tlLN 2(M) 
UATA tlLN 2/ 

l-tt.7H.it Üü»-Ö.l71fc ÜO." 
2-S.39«t Üü.-<*.899t L'O -i 
3-3.0bbt UO.-2.o2yt ÜO» 
<»-2.lUit U0.-2.009t 00. 
b-b.33«*t Uü.-b.777t 00« 
b-3.3b3t U0.-3.01bt. ÜU» 
7-1.929t 00.-1.797t 00» 
8-1.3b7t 00—1.30bt ÜU. 
9-H,6b7t 00.-4.139E 00. 
COMMÜN/ttT/tILN 3(b<«) 
UATA tlLN 3/ 

1*2.179t 00.-1.939t 00. 
2-1.2u7t UU.-l.liat ÜU. 
.»-« . l*.3t-U 1.-7 . 7*ft-ü 1. 
«-3.523t u0.-3.0HOt 00. 
5-l.HÜ9t 00.-1.2£.»E 00. 
b-b.6ült-01.-b.921E-01. 
7-3.5b3t-01.-3.257t-01. 
»-2.7b9t 00.-2.303£ 00. 
9-ö.<»i2t-Ul.-b.ai9t-ül. 
COMMON/tST/tILN HibH» 
UATA tlLN H/ 

l-2.0b7t-01.-l.HSHE-01. 
2 H.5b3t-02. 7.2Hbt-ü2. 
3 1.729t-Ul.-1.80Ht 00. 
H-3.91bt-ü1.-2.H2Ht-ü1. 
b 1.92bt-01. 2.H32t-01. 
b H.13bt-01. H.SbdE-Ol. 
7 b.229t-01. 5,35ttt-ül. 
0-2.S6bt-O2. 1.2b5t-ül. 
9 b.529t-ül. b.OlOt-01. 

COMMON/tST/tILN b(!>H) 
UATA tlLN b/ 

1 7.Stt6t-01. 7.799t-01. 
2 a.SbbL'Ol. a.b82t-ül. 
3 2.7H2t-Ülf H.359t-01. 
« 8.832t-01. 9.31HE-01. 
b l.Ottbt 00. l.lObE 00. 

b.0U9t*U 
b.l^t + U 
i.82BL+ü 
b.27Ht*ü 
b.bb9t*U 
b.8lHt*U 
3.9Ult*0 
b.7b7E*ü 
O.lubt+Ü 

b.OHbt^O. 
b.l9Ht«0. 
H.230t«0. 
b.J8ifc>0. 
b.b92b*0. 
b.«33t*0. 
H.<»7Ht*0. 
b.ttb9t*0. 
b.207t40. 

b.076L«0. 
b.2llL40. 
<(.5<t<tt*0. 
5.M7HL+0. 
b.7211*0. 
b.flb0t*0. 
«.921140. 
S.939L40. 
ü.?»»<*f ♦0. 

S.lObt^O. 
b.22H£40. 
<».7ö9E*0. 
5.53bE*Ü. 
5.7H«E*0. 
'j.öb6L + 0. 
b.2b7E*0. 
b.üO7E40. 
b.277t*0/ 

o.S'jBL + ü.  fa.30U+ü.  6.H02h40.  b.«4l9f+0. 
b.Hbbt^O/ 

1.9blt 01 
l.b^bt 01 
1.21üt 01 
U.bb9E 00 
l.HHOt 01 
1.09bt 01 
7.blat 00 
H.b07t 00 
1.104E 01 

7.b00E 00 
<«.H2b£ 00 
2.b38t 00 
1.927E 00 
b.23HE 00 
2.71bE 
l.b87E 
1.25bt 
3.bH7E 

1.739E 00 
1.0H2E 00 
7.36bt-01 
2.b0öE 00 
1.0b9t 00 
b.329t-01 
2.96HE-01 
1.903t 00 
b.bObE-01 

9.90bt-02 
9.b60t-02 
l.Hllt 00 
1.20bE-01 
2.87ÜE-01 
H.b7bE-0i 
1.070E 00 
2.H81E-01 
b.H20E-01 

7.986E-01 
8.786E-01 
b.66dE-01 
9.722E-01 
1.123E  00 

-1.8221. 01.- 
•1.498L 01.- 
•l.lb3E 01.- 
•8.093t 00.- 
-1.383C 01.- 
-1.038b 01.- 
•6.9b9t 00.- 
•H.lHbE 00.« 
•1.0H7t  01.- 

•7.03<»t 00.- 
•H.OObb 00? • 
•2.<t7bb 00.- 
-8.0H1E CO.- 
■<».713E 00.- 
■2.<*b6E 00.- 
•1.591E 00.' 
•1.209E 00.' 
•3.202t  00.' 

1.762F. 01 
l.HHOE 01 
1.095E 01 
7.53HE 00 
1.325E 01 
'9.800E 00 
•6.H13E 00 
3.839E 00 
9.892E  00 

•6.H7HE 
•3.bHlE 
2.331E 00 

■7.H68E 00 
•<t.216E 00 
2.256E 00 
l.SDbE 00 

■5.759E 00 
2.808E  00 

00 
00 

•1.572E 00. 
•9,7H5t-01. 
•7.02HE-01. 
•2.229E 00. 
•9.H09E-01. 
•H.810E-01. 
•2.b98E-01. 
•l.bblE 00. 
-H.Hlbt-Ol. 

-1.H31E 00 
-9.15HE'01 
-b.71HE-01 
-1.906E 00 
-8.327E-01 
-H.352E-01 
-2.H56E-01 
-1.2T5E 00 
-3.b0lE-01 

•5.591E-02.' 
1.18HE-01. 
1.078t 00.< 
•2.02bE-02. 
3.2b0t-01. 
•♦.7bHE-0l» 
•7.2b9t-01.' 
3.H71E-01. 
6.77Ht-01. 

1.79HE-02 
1.383E-01 
-8.02HE-01 
6.316E-02 
3.b83E-01 
«».93HE-01 
^.H30E-01 
<».286E-01 
7.0e2E-01 

8.15HE-01. 8.306E-01 
•H.Bb3£-01.-1.788E-0l 
b.712t-01. 7.b60E-01 
l.OObt 00. 1.037E 00 
1.139t 00. 1.153E 00 

-1.731E 01. 
-1.383E 01. 
-1.038E 01. 
-b.987E 00. 
-1.2b8E 01. 
-9.227E 00. 
-b.687E 00. 
-3.bb2t 00. 
-9.317E   00/ 

•5.92bE 00. 
-3.329E 00. 
-2.209E 00. 
b.899E 00. 

•3.76HE 00. 
-2.079E 00. 
•1.H32E 00. 
-b.l99E 00. 
•2.Hb9E 00/ 

•1.309E 00. 
•8.630E-01. 
-H.03bE 00. 
-1.633E 00. 
-7.390E-01. 
>3.9HbE-01. 
•2.235E-01. 
•1.03b£ 00. 
•2.727E-01/ 

1.568E-02. 
1.5bHE-01. 

•5.7H9E-01. 
1.332E-01. 
3.076E-Ü1» 
b.08öE-01. 
•2.121E-01. 
H.9b2E-01. 
7.351E-01/ 

8.HH3E-01. 
7.220E-02. 
8.2bbE-01. 
1.0b3E 00. 
l.lbbE  00. 
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b 1.177L UU( l.lBn. UO. 
7 b.Qbil-Olt 0.9ült-l)ii 
ö l.lUOL Oüi i.23dt OUf 
t   1.39^,   UU*   1.413L   UU. 

tOMMON/tST/ULN 6(b'»J 
UATA tlLN to/ 

1   I.Wit   UO*   l.Höut   UU» 
ü  b.6<»ijt-Ul»   Ö.OOüt-ülf 
3  i.<«t)Jt,  UU*   l.bOtot  UU* 

1.6böt   UO*   l.feöMt   UU* 

1.197t  00*   l.ZObt  00*-6.93bl-03* 2.7b8L-ül* 
(J.367L-01*   9,bJat-01.   l,0<»8t   00. I.i23t'  00* 
1.28üt  00*   1.3171.  00*   1.3«»7f:   00* 1.37»E   00* 
l.<»29t   00*   l.<»*»l*t   00*   l.«»57t   00* l.«»fa9E  00/ 

4 
t> 
to 
7 1.6«.'. UU. 
to 1.93VL UU* 
9 

l.TbOL   UO*   1.7/uL  UU. 
7.(H9L-U1* 9.97tot-Ul* 

1.740t UU* 
1.96^t   UU* 

^,Qn^t uo* z,obit uu* 
COMMON/tST/LILN 7(!,M) 
DATA L1LN 7/ 
^.09t>t UO. 1.037i UU. 
1.904t 00. 1.98bL 00. 
<!.2ü9t. UO. ZtZtt 00. 
2.323L UO. 2.3! ' UO. 
2.3toliL UO* Z.SBtc UU* 
2.10bL 00* 2.207e 00* 
Z.Unt 00* 2.äObt ÜU. 
2.6U<»t UO* 2.617t 00* 
l.totobt UO* ?.b7ot OU* 
COMMON/tbT/tlLN tt(<*7) 
UATA tlLN tt/ 
2.2öit UU* mitt UU* 
2.7(tlt   UO*   2.774i.  UU« 
^.etotot. uu* e.9oit ou* 
2.9b^L UO* 2.961E OU* 
<««l«fc UO* 2.59lt UU* 
J.OÜÖL UU* 3.0<>9fc UO* 
3.172t. UU. s.imt ou* 
3.243t. Of> 3.2S1L OU* 
COMMÜN/tbT/tlLN 9(i:9) 
UATA tU-N  9/ 

Z.HiOL+iit 
3.13bt.4'U* 
3.412t4'U* 
3.bllL*ü* 
3.b!>9t*U* 

3.211E^U* 
3.43b£^U. 
3.b22t+U. 
3.5bbt+U* 

COMHON/tST/EILN10«b4) 
UATA  L1LN1U/ 

i.i'ibbt.+U»     3.447E*U» 
J.6Ö3K+Ü. 
3.78bt+0. 
3.b39L+0. 
3.b47b+U* 
3.93bt^0* 
4.übUt+U. 
4.11ÖL+U. 
3.fa93fc*0* 

3.7U7E+Ü* 
3.799E+U» 
3.04bE+U. 
J.fab2E*U* 
3.9fa5E+U. 
4.072E+0* 
4.12'J£«U. 
3.fl36E*U» 

CüMMüN/tST/EILNll(b4) 
UATA  ULN11/ 

4.1ÖÖt*Ui      4.222L*U# 
4.33iL*Ü. 
4.39bt+0. 
3.763E+0. 
4.429t*0* 
4,faUUt+0. 
4.b74fc*0* 
3.604^-0. 
4.fab7t*0. 

4,34bE*U» 
4.4Ü3E+U. 
3.9aOE*0* 
4.471E*U» 
4.blfaE+ü» 
4.b62E+U. 
4.Ü78E+U. 
4.718E+U. 

1.497E UO. 
1.053L 00. 
l.bbUt OU. 
1.70bt 00* 

1.779E 00. 
1.204E 00* 
i.aoit öD* 
1.9B2L  00* 
2.063E   00* 

1.282E 00» 
2.04toE 00* 
2.258E 
2.34bt 
l.28öt 
2.28bE 
2.S32E 
2.629b 00. 
H.bBOt  00. 

OOt 
OU. 
00* 
00* 
00* 

2.S12E 00* 
2.803E 00* 
2.914E 00* 
2.96a£ 00* 
2.7t8b 00* 
3.0e2E 00* 
3.202E 00* 
3.2b8L 00* 

^.bUlE+0# 
3.270E'»0* 
3.4b5E*0> 
3.b30E^0* 
2.5(J4E + Ü. 

3.S19E4-0. 
3,72öE+0. 
3.eU8E+U» 
3.6blE+0. 
3.744E+0» 
3.9ö9E*0» 
4.0a3E*0. 
4.13lr>0* 
3.94blr>ü* 

4.2blE*ü. 
».3b7E*ä>* 
4.410E+0. 
4.126E4-U* 
4.5Ü6E+0* 
4.630E+0* 
4.690E+Ü» 
4.274E+0* 
4.759E+0. 

l.bObt 00. 
1.190E 00* 
l.bSTE 00* 
1.722E 00* 
1.788b Ob. 
1.3to9b 00* 
l.a45b 00» 
2.000b 00. 
2.C72E   00* 

1.493b 00. 
2.100E 00. 
2.277E 00* 
2.3Ö6E 00* 
l.bb2E 00* 
2.349b 00* 
2.bb4b 00* 
2.640E 00» 
l.bl9E  00» 

2.ba9b 00» 
2.82a£ 00. 
2.92&E 00. 
2.974E  00. 
a.aibt 
3.11CL 
3.214b 

00. 
00» 
00» 

3.2&5b  00» 

2.732t*0. 
3.31bt+0. 
3.472E+0. 
3.539b+0. 
2.820E+U» 

3.575E+0* 
3.746t*0» 
3,817t*0» 
2.029E+0. 
3.807E+0» 
4.011b*0. 
4,093E*0. 
4.137E*0» 
4.027E+0. 

4.27i»b+0» 
4.3b9b+0» 
4.«17b*0» 
4.233E+0» 
4.b3bt+0. 
4.643£+0» 
4.&97E+0» 
4.41bb»0. 
4.794b*0. 

l.bl2E 
1.300t 
1.61TE 
1.7^6E 
1.796E 
l.bOOE 
1.882E 
2.015E 
2.0eOE 

00. 
00. 
00* 
00* 
00« 
00* 
00. 
00. 
00* 

1.668E 00* 
2.143E 00* 
2.295E 00. 
2.365E 00. 
1.797E 00» 
2.400E 00* 
2.b73E 00» 
2.b49E 00« 
1.870E 00« 

2.6b0E 00« 
2.850E 00« 
2.9S6E 00» 
2.029E 00. 
2.895E 00. 
3.134E 00. 
3.22SE 00. 
3,271E 00/ 

2.906L*0» 
3.354E+0. 
3.4e7t*0» 
3.546E+0. 
3.061E*0. 

3.620E+0» 
3.762b+0» 
3.626E+0» 
3.157E+0» 
3.«b8E*0« 
«.029b40« 
4.103E+0. 
3.171E+0. 
4.093E*0» 

4.296E*0» 
4.379b*0« 
4.422b+0» 
4.314E+0» 
4.560E+0. 
4.65&b*0» 
4.703E+0» 
4.521E>(>» 
4.e23E»0. 

3.972E-01» 
1.388E 00« 
1.644E 00« 
1.748E 00« 
1.803E 00« 
1.603E DO« 
1.913E 00« 
2.029E 00« 
z.oaaE oo/ 

1.B01E 00« 
2.179E 00« 
2.310E 00« 
2.S73E 00« 
1.973E 00» 
2.442E 00» 
2.589E 00* 
2.6S8E 00» 
2.106E  00/ 

2.700E 00» 
2.B&9E 00» 
2.944E 00» 
2.ie3E 00» 
2.9b8E 00« 
3.1b4f UO« 
3.234E  00» 

3.Ü30E+0» 
3.386E+0» 
3.bOOE*0. 
3.553E+0» 
3.232E+0/ 

3.654E+0» 
3.TT5E+0« 
3.833E+0« 
3.385£*0» 
3.900E+0. 
4.045E*0. 
4.111E4-0» 
3.482E*0» 
4.145E+0/ 

4.315E+CI» 
4.3Ö8E+0» 
3.500E+0» 
4.37aEt0» 
4.581E+0» 
4.665E+0» 
4,709E*0» 
4.602E+0» 
4.84BE+0/ 
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COMMÜN/tST/LlLNlü (t>U) 
U4TA LlLNlt:/ 

<«.919t*0» 
»♦.97at+0» 
i».b67t+0« 
b.0b2t+0f 
5.171t*0» 

4.fa7t«:*0« 

j.39yfc*0. 

<*.932L40. 
<».985t40» 
i».7a9L*0. 
s.oaet+o» 
5.ie3L40. 
5.230t*0c 
U.869140« 
5.277L40« 
5.«161.40» 

<».943E40« 
«. 99^40« 
<»«81*n:40« 
b.109140* 
b.l9t»E40» 
b.2».bt4ü» 
b.007t40» 
'J.308E40» 
5.032E40/ 

5.*8iE40»  5.<490L40.  b.«499140» 

'♦.9UbE4U» 
<t.Vi»3t40»  i»,9to2L4U»  '».971140» 
H.997140»  t».lüfat4ü»  4,3/bl40» 
'♦.B91»t4ü»  «!.9b9E4ü»  b.0i0t + U» 
b.127140»  b.l'»3t4ü»  b.lbBE40» 
b.<:U<*t40»  b.21tE + U»  b.222140» 
b.2t)lt40»  b.2b7E4u»  <♦,1*11140» 
b.l0bt4ü»  b.;b7t4o»  b.2U2140» 
b.33bt4u.     b.3j9E4o»     b.iöüE+O. 

C0MM0N/tST/tlLN13(   9) 
UATA 11LN13/ 

1 b.«»*tit4U»     b.<tbBE4ü.     b««7üt40» 
2 5.bn7t40»     5.blbl4ü»     b.522140/ 
lfd.Ml.O.)   CO   TO  5 
THA  =   1.1-3 
AiAR=ü. 
60  Tu  Vbü 

b  CUNT1NUI. 
ALOT=ALOCilO(TAU) 
AI.&E=ALOälü(l) 
ü». 6T=AL(»T-TAULZ 
Ui.&E=AL6b-lL^ 
AN=DLGT*b4l. 
AM=DLbl*T41. 
IF   (UL6T.1T.0.)   AN=0. 
lF(DLül.LT.U.>   AM=Ü. 
i4slFIX(AN) 
MSIFIX(AM) 
INSO 
tO=E 
IF(N.Ll.O)   60  TO  10 
1KN.G1.NN)   60  TO  20 
IF(M.Lt.O)   60  TO Ö0U 
IF(M.bt.MM)   60  TO  <»UU 

8 CONTINUE 
UNLT=AN-AINT(AN) 
UMLE=AM-AINT(AM) 
^BAR=Zb(N»N)4(ZB(N4l»^)-iH(N»N))* DN1T 

1 4(2ü(N»M4l)-ZB(N»M))* DMLE 
2 4(2U(N41»N4l)42B(N.I«l)-Zü(N41»M)-2B(N.M41)) 
3 *(1)NLT*UMU.) 

AL1N=11UN(N»M)4(EILN<N41,M>-EILN(N»M))*0N1T 
1 4(EILN(N.M4l)-fclLN(N»M))*OMLE 
3 *(ONLT*UMLE) 
2 ♦«E1LN(N41,N41)4EILN(N.N)-EILN(N41»N)-E1LN(N»M41)) 

rHA=(tO/HHI-tXP(AlIN))/<1.5*(1.4ZöAR       )) 
IFdN.NE.OIbü TO   (lbö»2bü»3b0»«»50»5b0.6b0.750»fl50)»lN 
60 TO 950 

in   IF(M.Ll.ü)   60 TO  100 
IF(M.61.MM)   60  YU  300 
60 TO 200 

20 IF(M.Ll.O) 60 TO 700 
1F(M.61.MM) 60 TO büü 
60 TO 600 

100 CONTINUE 
IF(Il.lö. 1J 60 TO 9901 

150 CONTINUE 
HETURN 

200 CONTINUE 
IF(12.16.1) 60 TO 9902 

250 CONTINUE 
KETUKN 

.CO CONTINUE 

• 

• 
■ 
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IK(IJ.Lu.i) 00 To 9VUJ 
Jbü CüNTlMUt 

KtTUHN 
<tUU CONTlNUt 

IK 14,tu. 1) 00 To 99Ui« 
Ubü CONTINUL 

HtTUKW 
büü COHTIUOL 

inib.Ljci» oo To yyuti 
bbO   COMTINUt 

rttTUKH 
bOU CONTINUL 

IMIo.LU.l) 00 TC 9VUb 
bbU CONTINUL 

KtTUKN 
700 CONTIUUL 

IKI7.L(J.l) 00 TO 99U7 
IN = 7 
M = 1 
H   -  NN 
Lü=E<: 
00 TO Ö 

7b0 THAP = L ♦ THA / LZ 
ZbAR = ZUAH ♦ <THAP/THA)**.75 ♦ SaRT(TAUM/TAU)*EXP(V1*(TMAP-THA) / 

AIN=Vl*ZbAR 
oo To yuu 

»00 CONTINUL 
IF''i».fe«.il 00 TO 9900 
IN s « 
MSI 
tU=EZ 
it)  TO b 

bbO THAP = L ♦ THA / LZ 
ZUAR = 4JAR ♦ (THAP/THA)««,7b ♦ EXP(V1*( THAP - THA) / 

i(THA ♦ THAP*«:.)) 
AIN=V1L*ZUAR 

900 CONTINUL 
THA=(L/PHI-AlN)/a.b»a.+ZBAH)) 

9!>0 P=PHl*(1.4 2bAR   )*THA/1AU 
HETUNN 

■ 

1 

, <^ . 

9901 bl=lü.01U0 
üO TO 999> 

9902 blslü.0200 
bO TO 9999 

9903 bi=12.0J0Ü S. 
OO TO 9999 

990'» Sl=lu.0«»00 
oO TO 9999 

990!» bX=12.0büü 
00 Tb 9999 

990b bl=t2.0büO 
00 TO 9999 

9907 bl=12,07ü0 
bO TO 9999 

9900 blslÜ.OttOO 
9999 l«rtlTt(b»lOOO)TAUfL»THA.P.fflAH.Gb.AU6T 
1000 KOHMATClHl.laXfbHTAU   »9X»oHL     r9XtfaHTHA 

1UAR  f9X>bHbG    »9X»t>HAl.eT  /7X»1P7E15.7) 
«4ITt(b.lU01)ALGt»OLOT.ULGE»AN.AM 

1001 FORMAT(IHO.liäX.bHALfaL     .9X»bHÜLGT     .9X.bHDLoE 
IM /7X»lPbblb,7) 

«(:iITL<bfl002)N>M>NN>MM>Sl 
1002 FORMAT(IHO.liX.bHN .9X.üHM .9X.OHNN 

11         /7Xil9.J(6X.I9).lHLlb.7) 

, 

I9X>«IHP 

»9X.OHAN 

»9X»(i|IMM 

•9XfbH2 

.'JX.hKA 

► 9X»»^S 

86 



AFWL-TR-66-108, Vol 11 

CALL  EÜIT 
END 

.■ 

■ 

■ 

■ 

. I 
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Hi          hOK    tb.  LS/M 
bUUROUTlNL  tb(TAU.E»TltA.P.Zb.O) 

A. COMMON //  i 
C                                       t 
C 

UtULIlVALLNCt. 

Q       U       1       V       A L       b       N       C 

UtllfWOO)» (Z(2).CVCLt)» (Z(3)»OT)» 
l(/(<»)rPKINTS)i iUb)'WHimi.)f (Z(b).ÜUMHT7)» (Z(7)»CSTOP). 
ZiiiBiiVUVU (Z(9)»TI4Z)> (Z(IO).SCTCLE)» (Z(U)»SPH013)» 
UUUUüM%)t (Z(13)»I:TH». (Z(1'»)»FFA). (Z(15)»FF1)). 
<KZ(l6).TMUi:». (Z(17i»TMXZ>* (Z(le)»XMAX). (Z(19)»TXMAX)» 
!>(Z(2U>*TYMAX). (Z«21»»AM0M)» (Z(22).AMXM)» (Z(23).ONN)» 
b«Z(2it)»UMIN)» (Z(<;b)fFtF). (2(2b)»CTNA). (Z(27)»CVIS). 
7U(2t))fNHK)> <Z(29)»NPHn. (Z(JO).NC)» (Z(31)»NPC). 
3(4j(3i)»NHC). <Z(JJ).1MAX)» (2(3<»).IMAXA)» (Z(35)»JMAX>. 
y(Z(3t,J.JMAXAJ» UU?).KMAX). (2(38).KMAXA). (Z(39)»NMAX) 
OtUUIVALtNCt (/(«♦Ü)»rJU>» (Z(i»l)»KDT)» (Z(«»2)»IXMAX)» 
l</(<»3».NüO)f (Z(<*t).NOPK). (2('»b)»NIMAXIä' (Z(<»6)»NJMAX). 
2UU7)*ll)f (Z(ta)»I2)» (ZU9).I3),. (Z(50)»I<»)» 
3(^(51).Nl). (Z(b2>«N2i> (Z(b3).N3). (ZI5l»)»N<»)» 
•♦(ZlSbJ.Nb)» (/.(b0).N6). (Z(b7).N7), (Z(58I»N8)» 
!}(Z(59)>NV)> (Z(üO).N10>. (Z(bl),Nll)» (Z(62)»NRM)» 
fa(Z(63).TKAÜ)» (ZtbUI^XNRblf (Z(65).SN). (2(66).OXN)» 
7U(67I »HAUEN)» (Z(üO)»HADtT). (Z(b9)»KAUED)> (Z(70)»DTHA0I. 
b(/(71).«tZFCT). (Z(72>»«STüP)» (Z(73)»SHELL)» (Z(7«»)»BÖ0UN0). 
9(Z{7bfrTüi:0Nt). U(7b»»ECK). (Z(77)»SUOUND)» (Z(78)»X1) 
ütUUKVALtNCt (2(79).X2J. (Z(Ö0)»Y1). (Z(81)»Y2). 
1(^(82)»CAULN)» (Z(B3)»VISC). (Z(8*t)»T)» (2(e5)»6MAX)» 
2(l(ab)>WSGD)i (Z(87)#WSGX)» (Z(88)»GMA0K)» (Z(n9)»GHAXR). 
3(Z(9U)rblJ. (Z(91),S2). (Z(92)»5 3)» (2(93).S4)» 
<»(Z<9mfbb)» (Z(95).bb). (Z(96)»S7)» (2(97)»58). 
b(Z:9ö).b9). 

* 
(Z(99).bl0) 

OtJUlVALLNCE (Z(100)»HVb). (Z(101)»HCB)r (2(102).Co)» 
l(Z(lUJ).bVb). (Z(lU<*)rATOM). (Z(10b)»CV)» (Z(106)»GV)» 
2(/(lU7).bUMFL)» (Z'108).ÜETA)» (Z(109)»ALCO). (Z(110)»AMN)» 
3(Z(lll>.tZERO). (Z(U2)»PW). (Z(113)»CAPSi» (Z(11'»).HNU)» 
J(Z(Ub).COt). (Z(116).SCH)» (Z(il7).lbHJl (Z(J18)»SCDR)' 
itU(119)»AHN)* (Z(i20)-OTH). (Z(121)»IH)» (Z(122)»JH). 
e(i(liJ).UTC)» (Z(12<»).IC). (Z(12b)»JC)» (2(126).HFT). 
X(Z(127)»C0UT). (Z(128)»HCP)» (Z(129).HH)» (2(130).CO). 
b(Z(Ul).Jll. (Z(132).J2)» (Z(133).<J3). (Z(134>.J<»). 
7(Z(13b).Jb»» (Z(136)»J6)» (Z(138).SVMAX). 
Ö(Z(J39)»FKCUTC) 
OtUUiVALENCE 
l(Z(lt»3).bCRt). 
2(Z(m7)»JU>» 
A= E-HVtt-HCB*HCP 
TkMPAsb.E+b 
IF(A.LT.TEMPA) A=ü.ü 
CALL LlbtX(TAU»A.THA»P. 
HkTUHN 

(Z(1«»0)»VAPEJ» 
(Z(1<»*»)»IV>» 
(ZdfBI.OTVF)» 

(Z(l«l>»RAOEI» 
(Z(m)»jv)» 
(Z(1<»9)»0TUF)» 

(2(lit2).CN0E). 
(2(1<«6)»IU>. 
(2(150)»EIl) 

»GO) 

88 



*. iiiiiniiiiinr 

AFWL-TR-66-108,  Vol U 

Ul k-OH    MfbT»   M-ST/KJ 
SUüRüUTiNt  W-smFIIfNI 
CALL PACiKFH.^tN) 
MLTUNN 
LNU 

89 
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«I HM    KFS.T»  KFST/FJ 
büüROUTINt KFST(KFIT.NJ 
CALL PACIKFIT.1.N) 
KLTUKN 
km 
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41      ^OK   JMH.JMH/FJ 

CALL  gNC4CK<K •!•>-» 

McTOHN 
L'«U 
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UI ASM      PAC 
NBPH  . 

PAC*  4 
L A0»*2»UU 
L U13i«l*Ull 
AA»Ulb Al»I 
LSSL    Al.l 
J *-l»UlJ 
S»01S) AOfAUttill 
j        «»»nil 
s»om AO»*U«UII 
J HtBU 
S»Ü13 AO**OtUll 
U 4fOU 
S>OU AOMC.Ull 
J I»»B11 
s.tm *o»»o»bii 
J     H.Bli 
S»01ü AO»»0»üll 
J    H»öll 
ENU 
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Hl  ASM UNPACK 

UtTACK*   . 
L. U13»*1»U11 
AAiOlb Al»l 
LSSC    Al.l 
«J »-1»U1J 
LtOlb AU**0»U11 
J S^IO 
L»01<» AO**0>Ull 
J *♦& 
L»01J AO>«0*Uli 
J **6 
L»012 AO**OtUll 
J »♦« 
L»0H  AO«*0«Ull 
J $*2 
LiOlO AO*«0*Bll 
S AO**2ti)ll 
J «tBll 

ENU 

. 

■ ■ 

■ 

.    ■ 

■ 

■ 

■ 

. 

-, 
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c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

UtaUlVALtNCt 
1U(1U.S)><>VS)> 
<!U(lun»t>UMFUi 
iUillD.tZhHü), 
Jdlllbl'COUt 
«♦UmyJ.AHN), 
!>(<:( 1<:J»»ÜTC). 
X(^(127)*CUUr)» 

UUltfil.Jb), 
Ö(Z«139».FHCUTCI 
OtUUIVALLNCE 

2(Z(1<»7I»JU)» 

UtdUIVALLNCt 
1(HR(1Ü0).SI(,C). 
<:(UR(Xb)»AMK)» 

12(100).HVli>» (2(101).HCIO, «/(ini?).cus. 
UdUUI.ATUM). (/(IO'JI.CW). (2(10b)iCV)« 
UUOHJ.lltfAl, (2(10VI«ALC0t. (2(110).ANN). 
(2(112)tl'MI« (2(11)» .CAP!.). (/(ll<t).HNU}* 
U(llt>)*SCH)» (2(117).IJH». (Z(11H).*»CUM). 
(2(120)#UTH)> (2(121).IM). (2(1?2).JH). 
<2(l<><»t»IC)» (2(12b).JC). (2(12*.).«HI. 
(2(1281 >HC>')» (2(129).HH). 1/(130».CO). 
(Z(U2).J2». (2(UJ).JJ). «;(13i>ttJ0)« 
(Z(13b)fJ6)> (2(MH).SkMAl(). 

(ZdlOJ.VAPL). (2(141).R»DE). (/(li»2)»CNUE)* 
(2(1<»<»)»IV). (2(l«»b).JV). (2(1«»6).IU). 
<Z<1'»U).|)TVF>. (2(l<t9).0TUF). (2(lb0}.t.Ill 

(XA(2)»X(1))> (UH.UL.FLtH). (URdOO.YANC). 
(PH.PL.bAMC)» CUKE.THtTA). (UH.TAtl). 
IUK(J1),PK)» (UK(>tb).OK). (rv(?).Yiin 

WILL ONLY GtNtRA 
PACKAtiLS MUST UE 

2lt«l 
1(191 
1(89} 
Z(bS) 
Z(7<») 
Z(7b) 
Z(77) 

2(104)    ATOM 
/.(11U)    ANN 
2(111)    tZEKO 
2(112)    PM 
2(11.1)    CAPS 
2(11«)    HNU 
2(llb)    COL 
A(llö)    SCUK 
2.119.    ANN 
2(12b)    «FT 
2(127)    CUUT 

2(19») 
2(1391 

MAX INCREASE IN OT PER CYCLE 
MIN POSSIULE ÜT 
ENERGY FLOW ALLOWABLE 
ONE ALLOWS NEC I 
2tRO FOR RADIATION 
DENSITY LIMIT AT FREE SURFACE 
WT. FHACTIOfJ IN VEL. FOR MASS TRANS. 

i'KOB-SPKOli 
FFA=2. 
FFB=l.fc-lü 
FtF=b. 
SNs-1. 
BBOUNU=0. 
SBOUNDsl. 
SVMAX=l.t IH 
FKCDTCs.b 
CB=CV«(6V«1.) 
AHN -  0.b2ElO / (AT0M*HNU)**2 
KMAX=1MAX*JMAX*1 
KMAXA=KMAX*1 
JMAXA=JMAX*1 
1MAXA=IMAX*1 
PIOY=3.lmb927 

READ IN DY AND DX 
1=0 
JSQ 

TL (1) MATERIAL. 
RECTANbLES. 

FFA 
FF« 
FEF 
ifN 
UHOUND 
TOZONE 
SUOUND 
ATOMIC NO. 
LXP. FOR FN FUNCTION 
INITIAL SOURCE 
PULbt WIDTH AT HALF MAX 
KS ABSORPTION IN SOLID 
LASER PHOTON ENERY 
CK COEF FOR LOW TEMP 
SOURCE DURATION 
a.62£10/(ATOM*HNU)**2 
REFLECTIVITY 
CONDUCTIVITY 

SPECIFIC DENSITY CUTOFF 
PERCENT OF STABILITY FOR OT 

SETU1090 
SETU1100 
SETU1110 
SLTU1120 
SETU1230 
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ui 

c 
c 
c 

FUR     bLfUH.   StTlÄVFJ 
bUöRüUTINt   bLTUP 

c 
c 
c 
c 

H \i 

oimtium 
lUdZüO».     Vil^OO)*    MXiUOO),       AlXdZOO). 
2THtTA«i2U0)» KHO(12üU>.   F10ÜTU200». CAPJ1200J. 
3HUC(2Sb)fIWl(b0l>li2(i>0l*K3(!i0)«TAULM(b0)» 
MUX(5ü).    XJb3»»    XX(5l»)t    UYUOO)« 
bTAbJlb».   AMXClbJ.   PKilb).    aK(lb>f 
bTAU(b2i>   PL<20a).   PK(20ÜJ»   UH20Ü). 
7KLtFT(lUÜ).VAMC(lü0>>bIbC(lU0> bAMC(lOO)» 
tt<i(bO)fbULlD(«»00)»TEHPa2)tHkAü(12l 

Kr 

V(IOO). 
/(ISO». 
UH(200J. 

12001« 
IT(120ü». 

rvuoii« 
IZIlSOif 

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

OtUU I VALENCE. 
KZU) »HUNTS)» 
2(Z(8)>PI0r)» 
3U(12)»6AMX)» 
«U(lb)»TMÜZ)» 
ä(2(20)»TYMAX)» 
6(2(2«») »OMIN)» 
7(2(26)»NPH)» 
S(2(32)»NKC)» 
9(2(36)»JMAXA)» 
Ot«UIVALENCE 
1(2(>»3)»H00)» 
2(2«»7)»I1)» 
3(2(51)»N1)» 
«(2(55)»Nb)» 
5(2(59) i»N9)» 
6(2(63)»TKAO)» 
7(2(67)»RAOER)» 
6(2(71)»Rt2FCT)» 
9(2(75)»T020NE)» 
OEOUIVALENCE 
A(2(a2)»CAttLN)» 
2(2(66)»M56D)» 
3(2(90)»S1)» 
<»(2(9(»)»S5)» 
5(2(9a)»b9)» 

2 
AIU 
UIG 
UV 
H 
HOL 

»XX 
»AIX 
•UOUNCE 
»E 
»PAÜOVE 
»OOT 

»UR 
»AM 
»DOXN 
»FU 
»PBLO 
»RC 

RM»blG»faüOOFL»SMITCH 
TAUUTb »TAUDTX »0 
UU    »ÜUU »UTEF 
VBLO   »VEL »VK 
VVAÜOV »VVBLO »H2 
WSA   »MSB »MSC 
XR    »VL »YLW 
I     »11 »IN 
IMSb  »IHSC »!M1 
JR     »K »KM 
L      »M »MA 
ME    »MZ »N 
NO    »NR »6 
FIOUT  »CAP »KFIT 

»PR 
»AMD 
»ÜDVK 
»FS 
»PI0T6 
»REZ 

•TAULM»T«U 

»THETA 
»AMX 
»DVK 
»FK 
»PPAftuV 
»RHO 

»UK 
»UVMAX 
»VT 
»M3 
»XL 
»YN 
»IR 
»J 
»KP 
• MO 
»NK 
»S0L1Ü 
»ISENU 

»URR 
• V 
»VTEF 
»WPS 
»XLF 
»YU 
• IMS 
• JN 
»KR 
»MC 
»NKMAX 
• TEMP 
• IGOTO 

• YY 
. ARE » 
»UX 
• OUT 
»PRR 
»RL 

»UT 
•VAROVE 
• VV 
»MS 
»XN 
• ZMAX 
»I WS A 
»JP 
»KRM 
»MO 
»NK1 

• HEAD 

U \ 

<Z»IZ.t,RODJ. 
(Z(bJ»HRIMTL!» 
(Z(V)»TMZ>» 
(Z(i3)»ETH)» 
(2(I7)»TMX2i» 
(Z(21)»AM0M)» 
(Z(2S)«FEF)» 
(Z(29)»NPRI)» 
(Z(33)»IMAX)» 
IZ(37)»KMAX)» 
(ZUO).NO)» 
(Z(Htt)»NOPR)» 
(Z(<»8)»12)» 
(Z(b2)»N2)» 
lZ(b6)»N6)» 
{Z(60)»N10)» 
(Z(b<0»XNRG)» 
(Z(b6)»RA0ET)» 
(Z(y2)»RST0P)» 
(Z(76)»ECK)» 
(Z(79)»X2)» 
(Z(tt3)»VISC)» 
(Z(87)»WSGX)» 
(Z(9t)»S2)» 
(Z(9b)»S6)» 
(ZI99)»S10) 

(Z(2)»CYCLE!» 
:Z(6)»0UMHT7I» 
(2(10)»5CyCLE)» 
(2(1«)»FFA)» 
(Z(16)>XUAX)» 
(Z(22)»AMXM)» 
(Z(26)*DTNA)» 
(2(30)»NC)» 
(2(3«)»IMAXA)» 
(Z(36)»KMAXA)» 
(Z(i»l)*KOT)» 
(Z(«5)»NIMAX)» 
(Z(i»9)»I3>» 
(Z(S3)»N3)» 
(2(57)»NT)» 
(Z(61)»N11)» 
(Z(65)»SN)» 
(Z(69)^RA0EH)« 
(Zi73).SHtLL). 
(Z(77)»S{)0UND)» 
(Z(80)»Y1)» 
(Z(6«)»T)» 
(Z(68)»GMA0R>» 
(Z(92)»S3)» 
(Z(96)»S7)» 

SLTOOOIO 

';(3).0T). 
!Z(7)»CST0P)» 
(Z(11)»SPR0B)» 
<Z(1S)»FFB)» 
(Z(19)*TXMAX)» 
(Z(23)*0NN)» 
(Z(27)»CVI5)» 
(Z(31)»NPC)» 
(Z(35)>JMAX)» 
(2(39)•NMAX) 
(Z«»2)»IXMAX)* 
(Z(«6)»NJKAX)» 
(Z(50)»I«)» 
IZ(5«)»N«)« 
(ZIS8)»N6)» 
(Z(62)»NRM)» 
(Z(66)»DXN)» 
(Z(70).DTRAD)» 
(Zm)»BB0UND)» 
(Z(7B)»X1) 
(Z(01)»Y2)» 
(Z(85)»GMAX)» 
(Z(89)»GMAXR)» 
(2(93)»S«)» 
(Z(97)»S8)» 

95 
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(   b.HlU^UXSAf 3»(bi)»Ul.N;?.rJ3.N<»»(   AMX(K ) «K=l«*»l 

OH 

xm=o. 

2000   Ht*D 
LSI 

2UÜ2   if (N<:>2Uüt>*<>lHIB»200b 
2Ü03 l.=L-H 
2Ü04  l.=L«l 
2U0b L=t*l 

C     Tt&T TO  CALC (X AND UX  If 1W,JH=U 
2000 lF(Il«i>b)2UlU»<!81ü<'20Jü 

C     CALC THt  X  ANU  UX  VALUED 
2010 UÜ ?UlH  H=i>L 

UÜ 2U12 K=l.NK 
I=l*i 
UX(I)= AMX(N) 
K(IlsX(I-ll4DX(Ii 

2U12 CONTINUE 
2011» LONTINUL 

toO TU ZObO 
C     CALC THL  Y  ANU  UV  VALUED 
2030 UO 203« 14=1 »L 

MK=UIN*t»0) 
UU  2032 K=ltliK 
J=J41 
UV(J)=  AMX(N) 
T(J)=Y(J-l)fUY<J» 

2032 CONT1NUL 
2034 CUNTlNUt 

C     TEST IF ANOTHtR CARU SHOULD BE HEAD (t 
2050 IFdHrbA.Ea.O) GO TO 200U 

WS=X(1)**2 
TAU(1)=«&*PIUY 
UO ZObH   U2tlMAX 
HäA=X(I)**2 
TAU<ll=Hluy*(WSA-WS« 
O&sWSA 

2054 CONTINUE 
MK1TE <6»006t>)IMAX»(UX<l»»I = liIMAX) 
WHITE l6*a067)JMAX»(UYCI)»I=l»JMAX} 
MKITE   (6>8092MIMAX*(TAU(I}*I=ltIMAX)) 

: CLEAR ALL CELL ARRAY«,. 
UU   1   K=1»KMAX 
UlK)s:0.0 
VUlsO.O 
PIKIsU.O 
AMXCK)=0.0 
AIX(K)=0.0 
THeTAIK)=ü. 

1  CONTINUE 
N1=0 
HUM 
N3=0 
mat 
I4F=1 
NNSANN 
UU   10  N1=1*NN 

10  NF=Nf*Nl 
NP=NN*l 
UU  «0  MF=1»NP 
MSNP-1 
MF=1 
UO  20  Nl=i»M 

Y At«) t)V  If IWSH=1» 

■ 

' 
■ *,äJV:,. 

r>.rf---'. 

y-SP'-'Yv 

A- . 
' P'W%*>::: ■ 

^;k0h 

'-•■ tJ,;"^'vs^ 

■ 

^'.r 
* .■., '•.^•J 

ES IF IWSA=0f NO IF IWSAslt 

SETU12M0 

SETU1280 
SETU1290 
SETU1300 

1 
SETU1130 

■ SETU1U0 
SETU115D 
SETU1160 

■ SETU1170 
SETU1I80 

tvili 
SETUUOO 

■ 
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,5 

: 

•;   if ,■<•: j 

N«M=NN-M 
NM*r=l 
DO   3ü   N1-1«NKM 

3Ü   NMHf=NMMK»Ni 

AlwMP^NrlMT 
AM=M 

«U  ÜNN=(-1.)*»M*ANF/(AMMANMF*12.*AM +1.))♦UNN 
AAN=ANN 
iKAAN.tU.U.)   AAN=i. 
TEMPU)=1./2.#*(1./AAN> 
IF(ANN.EU.0.)   TEMP(1)=0, 
Tt«P(2)=l.-TS.HP(l) 
SCUR^HlM / TEMP (2) 
TfcMP(J)=SuKT(Hir/Y*2.*PW»tV/(CDUT*SVS*TEMf'{2)J) 
iF(CuUI.LU.O.)   Tt.Mf-(Ji)=V. 
TtMPU)=CÜUT»HCü/(2.*(l.-RFT)*CV> 
TtMP (b») = 1. / ((ANN-H . ) »UNN*EZl.RO) 
EXU=   l./(ANN+.b) 
TC  = P(«/l2.*TEMP(2»)«(TE«IP«A»»TEMH(«»)*TtWP(t)))*«€KD 
EXU=1./(AI4N>1.> 
1F(CÜUT.EO.O.> TC =5»CUR/2.»(HCD*2./(EZERO*CArsn*»EXi) 
CO=SOUNU bPEEU 
COsStfRT(bV*(ev-i.)*HCP > 
HH=HWa*HCb-HCP«-6V* (faV+l. ) «HCP* . 5 
T=DY(Jb!*(GV-X.)/((faV+l.)*CO) 
uT=T/i».0 
UTNA=OT/Z(139) 
TST+TC 
TMTC= T-TC 
SCRT= . 5«E2EK0» (2 . *T/SCt)K) *• (ANN+1. ) /TMTC , 
IFtT.GT.0.5*SCDK) SCHT= EZEH0*«l.-.5*t2.*(l.-T/SCDR))**(ANN+1.)) 

1   /TMTC 
bCKTC-    .i>*EZFR0* (2.*1 C/5CDR) ** (ANN* 1.) /TMTC 
iCR=SCRT-SCHTC 
KSCR= (1.-KFTI »SCHTC* (ANN*I. »»TNTC/TC 
TEMPI 1) = (1.-KFT)*SCHTC*TMTC*SVS/HCB*4.0/PIOT 
TEMP(2)=TMTC*SV£*SCR/(KH-HCB > 
IF(CUUT.Eä.ü.) TEMP(2)=U. 
TEMP<i»=CDUT»HH*HCB/<CV*IMH-HCH)*(le-iFT»*SCRTC»*PlDY/M.O 
J=J5 
UO 30b0  1=1*I&R 
K=<J-1)«1MAX>|41 
Jt)=(I-l)*2041 
V(K>=- Cü«(6V*l.}/GV 
AlXlK)sHH-0.b*V(K}**2 
SOUUlJb+l)  =T£MP(l)*«-TEMPI2)*TEMP<3)l/ll.*TEMP<3l/J2.»TEMPn»)J 
iOL 1D UU*2)=< SCR-HCB* (SOL 1D ( JB* I)-TCMP»1 > . / < SVS» TMTC) ) »(1,-HCB/HH» 
!>0LIU(JÜ43)  =  U.-RFT}*W:HTC*1KTC  ♦ HCB»CSi)LIDIJB*l)-TEMP(l))/SVS 
SOLIU(JB*b)=  bOLIOJJb+ii/   (HH-HCB) 
AMX(K»=S»OLIÜ(JB*fa>*(TMTt)*TAU(I> 
KHO(K)=AMX(K)/(TAU(l)*Ur(J)) 
SCRE = SCRT*TKTC »TAUCD   4-  SCKE 
RADE=RFT»SCRTC»TMTC»TAU(i:   ♦HADE 
CNOt=SOLlD(JB43)*TAU(1)♦CNUE 

N2(Iis&CR 
SüLIU(JB+7)=!,0LIÜ(Jb+b)*   TMTC 
WAPE ■= S0L10(JB*2»»TMTC«TAU(I)* VAPE*HCB»SOLID(JB*7)*TAUtX) 
iOLlU»JH+e>=SCRT*TMTC 
bOtlüCJU**) = SOLlD(Jb+ö) 
b0UUtJB*ll>=b0LID(Jd*6)*C0/GV 
MILlO«*IB*lSi=-CO 
S0LIU(Jb+l2)=S0LID(JB+ll)*S0LID«JB+b>*ABStS0LID(JB-iV5)J 

■ 

. ■ 

97 
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)♦  AMXtK+l) 

66) 

iÜLIÜ<Jb*13)=SOLlÜ(Jb*li!)«(TMTC) 
iF(I.Nt.XbH)   60 TO 3Ü40 
AMX(K*1>   =   (tiV-l.)/(tiV«l.)«AMX(K>/(l.<0X(II/(2.«X(I))) 

i * (2./(6vn.n*«(2./(6V-i.n 
Ai«(X<K)sAMXtK)-AMX(K*l) 
AIX(K+l>=HVb+HCb-HCP 
U<X*1)   = C0/(6V-1.> 
U(K)   =CU/Ö. 
V(Ktl)3-SQKT(2.«(HH-AIX(K*l))   -U(K+1)**2) 
KHOU).   AMX<K)/(TAU(i)*OY(J)) 
KH0(K^1)=AMX(K*1)/(TAU(1^1)«ÜY(J)) 
AIX(K)=AlXIK)-0.b<»(U(K)««2) 
tTH = tTH -KAIXCK+i»*   (V(K*1)*»2  ♦UJK+l)«*2)/2. 
bV  =1./HH0(K+1> 
CALL  ti.(i.V»AIX(K*l)»THETA«K*l)rP(K*l»»CAP(K*l>» 
CALL MFST(KFIT(Kn)*l) 

3Ü4U  tTH ■ fcTH +(AIX(K)+(VCK)««2+U(lO*«2)/2i)*AMX(K) 
äVsl./RHU(K) 
CALL t&(bV»AIX(K)>THfc.T4UI»P(K)rCAP(K)»66> 
CALL MFbT(KFIT(K).i) 

3U&0 CONTINUL 
00  2999 i=liIMAX 
CALL UJLUM(JLOW«JHXtiH) 
UO 7:999 J=JL0W»JHI6H 

CALL FLA6(KFLA6»JL0w»JH16H> 
CALL KFbT(KFIT(K)»KFLAG) 

2999 CONTINUL 
CYCLt=Ü.O 
UTHsl.LlU 
UTC-l.blü 
XMAX=X(1MAX) 
YMAXsYUMAX) 
KEWlNU 10 
MbsSbb.U 
NHITL(IU) Wb.CVCLt.PKOB 
i*KITt(iÜ)(Z(l)»I=l.lbO> 
HKITt(iÜ)<U(I).V(I).AMX(n.AlX(I).P(I).TMtTA(n 

1 «H0(I»»F10UT(I)»CAH(l)»KFIT(n»l = l#KMAXA) 
NHITb(lU) XIÜ».(X«I>.TAU(I)»I=1»IMAX) 
NKITb(10>iY(I)iI=0^MAX) 
Wb=6b6.0 
WKlTb(lU) NS>MS>MS 
KEMINÜ lü 
KCTUKN 

8102 FORMAT(2U.«H2»4tlO.<*) 
»066 FORMATdH /11H DX(I) 1=1» I2/(5F16.6)) 
8067 FOKMAKIH /11H OY(J) J=l» 13/(5F16.6)) 
8092 FOKMATdH /13H ARtACI» 1=1.12/(bFl6.6) > 

LNO 

StTUlbbO 

StTU162a 
SETU16i»0 

. 
SETU1670 

:^'Mä 
■ 

SETU1730 

. ■ SETU1760 

i 

SETUIT70 

■ 

■ 
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Ml H)A     t'.K»   I SH/f J 

COMMON   //   / 

Uk.wulVAl.LNCL 
lum.nuNi1.). 

^UdcliOAMXlt 
•»(^(tO)t IMU/t» 
L)lt(?0l.1YMAX). 

'Jt^( Vr.t.JMAXA). 
UtuUIVAl-LMa 

t>(Z(6^li7MAU)t 
7(^(«.V1 .KAUfK). 

UtUUtVALLNCt' 
l(/(Ml.').(;rtHLN»f 
«;(/(«»>) rWSl»U)f 

HU('W4).'Jkj)t 

u 1 V Al I (I ', 

(X.I/'.rHOH). «/«^It« YfLL)i 
(mitMIIMII )i (;((.).i.U«>?7). 
(X(MlflM;)> (^(lUI'SCYCLL) 
uu.tM.mif (/(HO.KFA). 
(^( 17) t IMX/ I • '.^ (lit) i XMAK) • 
(/((.'D'AMOMif (/(i-^ltAMXM)« 
(/Iclft)»» tT >• (/(i>6)tllTIIA)> 
(/(^•.Dr^MRi)« (/(.UI)«IIC)i 
(/(o.'>).lMA>.l . (/.U<0>IMAXA)« 
(/(,)V) .KMAK) . (/.(.i8).KMAXA) . 
(/ti«(i»,l|ll). (/.('»!) »KOT) • 
UluiiJ.fiOf'H) . (/(UtjJ.IMMAK) . 
(«:i«*h).l;;>. (/,t'*m,i;i). 
l/t!./) -Hi). (/.(!.i4).ll3). 
(.'('.*».».(Kil. (/(!<7).il7). 
(/(uU) tlllli). (/.(iii)>Mll>% 
Ui«.ui,x;iH(.). r/lhii»»»»}). 
(<!(oM) .ilAltt T) . I7(|IWJ .HAUKH) » 
Ui 7» I • KtiTuf). I /. 1 73). 'iHtLU). 
(<:«7f.). UCK J . U (77). 'JMOUMO) i 
i£tmi»A»it (/tMO).n). 
(/(«A).vise). (/(MU).r). 
(^(U7)i«(SOX)t (^(MH)>(iMAUH>* 
(^(9i).sü). (zoü).1:»». 
(<:(%) fih). (/(>*h).S7). 
(Z(W).älO) 

(l(lUU)fMVll)i 
(/;(10"4).ATOM). 
(/IdOHl.UKtA). 
(^(112)»PW)» 
(^Ul».).'J,Ct«). 
U(l.>l)).l)TM). 
(^(1^|*).1C). 
(Z(i^H).HC(>). 
(/(li2)rJ2). 
(if(Ul>).Jh). 

(-£(l<«0)»\/APt). 
(2:(14<>)>IV)> 
f/ui»n)»oTi/is<f 

OK   CAPK   IN 

OUUIVMUlNCt 
K^dlMltiVSIf 
<i(^(IU7)>äUMh't)> 
^(^(ni)it/LMU)» 
.)U(llb)»COt)» 
<»(^(119)>AHN)i 
»(^(UAltUTClf 
)((^(l<!7)>CUUT)r 
b(4i(l31)«Jl)i 
7(^(U'j)iJä)> 
«(/(U9).KHCurC) 
DEdUIVALiiNCE 
l(^(l<«i)t^CHt)> 
^(^(147)1 JIJ)» 
ReVlbtU CALCULATIUfi Ü»« CAPK IN tSK 
^dAR=CAPK 
^CLIM=0.4«<bMK/AroM 
II>~(THA.Gr.2.Ü) GO TU 10 
CPLl=Cüt*{THA/'3W)««i*THA««2 
CAPLif=AMINl(CPUl*SCLIM.CAPS) 
iF(THA,6r.l.)   GO  TO 2(1 
CAPK=CAPL2 
GO TO  1000 

10  CPL3=8.b2tlO«/BAK*«2«AMAXl(l.*2UAK<) 
1 THA)-1.)/(&V*<>QRT(THA) «ArOM««2*HNU« 
CAPKsAMAXi(CPLJ»SCLIM) 
GO TO 1000 

20 CKL<»=a.8U8#THA*fREX(»(-Ul/rHA)»(l. 
lFKeXP(-HNU/rHA>)/(AT0M«HNU««3) 
CAPKsAMAXi (CAPi.2*CPL<»> 

1000 KcTURN 
im 

^(lUD.MCH). 
Z(IU'J).CV). 

/.(lli».CAPr.). 

^(121)>IH)« 
^(labj.jc). 
^(129)»MM)r 
^(iJJj.JJf, 

^(111)»«AUK)r 
ZdUäJ.JV). 
/d'»'» >orup)> 

7/1'Vbb 

♦(FRtXPCHMJ/ 
• J) 

0- 

</ 

(/■ 

(/. 
(■/. 

(Z 
1/ 
(Z 
1/ 
(/ 
(/ 
(/. 
tx 
(/ 
'/ 
iz 
(Z 
<z 
(Z 
(Z 
I/. 

<:.).»(!). 
«VJ.i^lOP). 
OD.M'HW». 
«ILJ.KFHlt 
(J'O.TXMAX). 
<;'3).liNN)» 
«;7).r.vi;.). 
(aiJ.HHC). 
«.'iM.JMAX). 
09) «UMAX) 
('»;')• IXMAX). 
CM.). I UMAX). 
(!)ll).T<0. 
(!i4).l|U) t 
Ciil) .))«). 
(».;;).IIHM) . 
Uid) .l»X(l) . 
<70>.nTHAÜ)» 
(74) .IIHUliNU). 
(7(I).X1) 
(HD.Ya). 
O)!i)f0HAX). 
((iq).üMAX«). 
('t3).'Ji»)f 
(97).SB). 

(/.(1(I2>.CII). 

(2(llU).ANN)t 
(^(H^J.HNU). 
(ZdltD.'iCUR). 
(Z(122).JH). 
(Z(12b).HPT). 
(Z(13()).C0). 
(2(13U).JI»). 
(2(130).SVMAX). 

(m<t2).CN0E). 
(2(l<tbi).IU). 
(2(150).Ell) 

: 

■ 
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Ml 

c 
c 
c 

1U(12UU). VIUUU)» AMXdiOU). AIXd200).   P(1200)f 

ami.TA(i«;oo). KMO(12UU> >   FlOUTd^lOO) • CAPdZÜO)^   KFltd2ÜO^ 
JHUL(i'j,j).lWl(bU).««2(ljU)f«IJ('jü) TAllLMC bO)> 
HUAi'Mii* X(i)J). XX(bt)» UYdOO)*   Y(IUO)« YYd01)> 
blAödb)» AMKd'j). PM15I» UKdb).    Zd50)> I2(150)» 
ofAUCj*:)» PL(20U). Pk(20U). UL(2Ü0).   UH(200)t 
7hLtF1(lUUI .rAMCdür/).t3 IGCdUO) uAMCdUO)» 
Uütbni.bOLIUClUOI.T.MHdi:)! HLAU(12> 
COMMON i >xx »UH • PR •THETA • YY 

COMMON AIU IAIX • AM • AMD • AMX • AREA 

COMMON ma IUOUNCL • UDXN • UOVK • OVK • UX 

COMMON UY it • FU • FS • FX • OUT 

COMMON H »I'AHuVt • PULO »PT'nb • PPAI10V • PRR 

COMMON PUL .OUT • HC • i' • RHO • ML 

COMMON HH.'JK • LiUUOrLibMlTCM • TAIJL   AU 

COMMON TAUUIV , »TAUUTX • U • UK • URR 
... 

• UT 

COMMON UU .UUU • UTEF •UVMAX .V •vAnovt 
COMMON VHLO .VtL • VK • VT • VTEF • vv 
COMMON VVAUOV ) rWVHLO • M2 .W3  • • WPS • MS 

COMMON WbA • Wbl) • WbC • XL • XtF • XN 

COMMON XH .YL • YLK • YN • YU • /MAX 

COMMON 1 • II • IN • IN • IMS • I WS A 

COMMON IWbU • IMSC • IWl • J • JN • JP 

COMMON JM • K • KN • KP • KR • KRM 

COMMON L • M • MA • Ml) • MC • MO 

COMMON Mt tM^ • N • NK •NKMAX • NK! 

COMMON 140 tm • G •bOLIU • TEMr1 

c 
COMMON H0U1 »CAP • KFIT •IStNU •IGOTO • HEAD 

c 
c 
c 

t.  u  u 1   V A   L I   H C   t 

•m  •   nW« 
ULtfUlVALLNCt {£*IZtfHOU)t (/(2)•CYCLE)• 
lUCmPKINTb». (ZCbJ^PKINIL)» (/(6) •ÜUMPT7)» 
2(/(n)^PiuY»* (z(y)nMZ)» <Z(IO)»SCYCLE»» 
i(/d2l»bAMX». (/<lJ)^tTH>. (Zd<l)(FFA). 
<»(/(Ib)*TMU/)* UdTNTMXD* (Zd8)*XMAX)> 
b(Z(2ü>»TYHAX)» (i(üi)^AMDM>. (/(22).AMXM). 
bU(2*NUMlN»» «/(2b)»FEF)» (Z(26) »DTNA) • 
7<Z(2ö»H-IPH»» (/(29)»NPRI)* (Z(JO)>NC)) 
tt(Z(32)^NKC)« (Z(^».IMAXJ. «Zl J"»). IMAXA) • 
9(Z«3b).JMAXAl^ UUT^KMAXW <Z( Jfl» .KMAXA) • 
ÜLUUIVALLNCt «/('♦Ü)^NU>» (ZC*!) •KOT)» 
lU(<O>.N0U^ (/(«♦'♦» •NOPK»» (Z('»b)»NIMAX). 
2(Z(47)«I1>^ »Z(HB)»I2»^ lit%9»#IJh 
J(Z«Sl)^Ni)^ (Z(b2)»N2)» (Z(b3l«N3)t 
'MZ(5b)^Nb)» (Z(bb)»Nb»^ iZ(b7)^N7)» 
b(Z(59)»N9)* U(OÜ)^NIO)» (.'(l.d^Nll). 
bUU>.i)»TKAU)» (Z(b'«)^XNRO)^ (ZCbbt^SN)^ 
7<Z(67)»HAULM). (ZtbH)•RAOLT)• (Z«b9)»RAUtH)• 
U(Z(71)^KLZFCT>» (Z(7iJ)•RbTüP)• (Z(73)•SHLLL)• 
9<Z(7b)»TOZ0NL)« (Z(7b).tCK)^ CZ(77).SHOUND)• 
UhuUIVALLNCt «Z(79)^X^)^ <Z<HO).Yn^ - 
lU(02NCAt>LN)* (Z(UJ)^tflSC)» (Z(a<»>»T)* 
2(Z(nb)<WbbU)» (Z(ü7).W,

JGX)» (Ztrtö) •OMAUR) • 
3(Z(«>U)^bl). (Z(9I)»b2)» (Z«92).S3)^ 
UCZt^j.bb)» (Z(V)b)»b6)^ (Z(96)»S7J» 
b(Z(9u)»b4)« (Z(99)»bl0) 

<Z<7NCST0P)t 
(Z(in»SPROB)^ 
(ZdS).FFU). 
{Zd9).TXMAX)^ 
<ZI23)»DNN)» 
tZ(27)^CVISN 
(Z(31)»NPC)» 
(Z(3b)»JMAX)^ 
(Z(39)^NMAX) 
(Z(«I2)»IXMAX)» 
(Z(<t6)>NJMAX)> 
(Z(50)»m)* 
(Z(5<I)»N<»)^ 
(Z(bR)*Na)^ 
(Z<62)»NRM)^ 
(Z(66)^ÜXN). 
(Z(70)*DTRAO)» 
(ZI7i|)>U'J0UNU)> 
(ZC7B)tXl) 
(2<81).Y2)^ 
(2(85)•CMAX». 
(Z(a9>»GMAXR)» 
(Z(93l»S4)^ 
(Z(97).S8)» 
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Ct.dUIVAU.NCL 

üCZ(lU7)*SUMFL»t 

^UUib).COt). 
<»(^(119)tAHN)» 
•_(<£< lüJJ.UTO. 
XU«l27)f(,UUT)» 
bUIUl)»Jl)> 

a(^IUV)iFHCUTr.l 
UtUUIWALtNCE 
KZdtJJ.bCKt). 

(Z(lüO).HVll). 
(Z( 10«»). ATOM). 
(Z(IUH).HETA). 
(Z(112).PM). 
uaib).sc;'). 
(2(120).DTM). 
(2(12H).1C). 
(2(128) »tKH). 
(Z(132).J2). 
(iJ(13b).J6). 

(/(14U)»VAML). 
(ZU'mj.IV). 
(2(148)tOTVF». 

(2(101).HCIil. 
(2(10!}).CV). 
(2(109).ALCO9. 
(Z(11J).CA»'S). 
(2(117).IbH). 
(2(121).IH). 
t2(12b).JC). 
(2(129).HM). 
(2(UJ).JJ). 

(2(141).RAUL). 
(2(14b).JV). 
(2(149).DTUF). 

(XX(2).X(1I). 
(PK.PL.tiAMC). 
(UK(.U).PK). 

(UK.UL.FLLKT). 
(ÜKt.THETA). 
(UK(4tj).OK). 

PK1NTSPRINTLOUMPT 7C STOP 
FFÜ  TM02 TMX2 XMAX 
DTNA  CVIb' NPH fJPRl 
KMAX  KMAXA NMAX NO 
12   / 
N2   N3   N4 N5 
TKAO     XNPli     SN OXN 
BBOUNUT02CNEECK SROUNOX1 
GMAX  WS8U  HSGX GMADH GMAXK 

OtUUIVALENCE 
l(PH(lUO).!>I(iC). 
2(OK(lb).AMK). 
COMMON/HtAOtR/ TITLL'48). T1TLE1(48). TITLE2(4R). 
UATA  TlTLt/288HPR0b CYCLE OT 
12   bCYCLLSPROU öAMX  E1H   FFA 
2MAX AMUM  AMXM  UNN   OMIN  FEF 
JC   NKC   IMAX  1MAXA JMAX  JMAXA 
4MAX NOU   NOPK  NlMAX NJMAX II 
UATA TITLE1/288HI3   14   Nl 

1    N8   N9    N10   Nil   NRM 
2utT RAUtb OTRAO RE2FCTRST0P SHELL 
J   Tl   V2   CAULN V1SC  T 
4   i,2   S3   S4   S5   S6   S7   / 
UATA TITLfe.2/288HSe   S9   SIO  HVU  HCU  CB 

1   OV   SUMFt UETA  ALCO ANN  E2ER0 PM   CAP'S 
2K   ISR  SCUR  AHN  OTH  IH   JH   OTC   IC 
Ml    HCP  HH   CO   Jl   J2   J3   J4   Jb 
4HAX FRCUTCVAPt HADE CNUE SCRE  IV   / 
UATA TITLE3/36HJV    IU   JU   OTVF UTUF Ell 
IbO=l 
KOUN1=l 
1FR0M=1 
ITOStt 
«IRlTt(fa.lO) (HEAU(l). 1=1.12).CYCLE 
FURMAT(37H1 HtCTIC PANIC OUHP OF PROBLEM 
«KITL(b.3) S* 
FORMAT(7H *l   M  HO.4) 
NKITb(6.2U) (T1TLE(1).1=IFROM.1TO) 
FORMAKIHO / SX.BAIS) 
bO TO (22»22.22.24»2b.2b) IbO 
KRlTt(b.23)KOUNT.(2(I).l=IFROM.lTO) 
bO TO 30 
FORMAT(lX.Iä.lP8Llb.7) 
i*KlTL(b.25)K0UNT.(2(l).l=IFK0M.lT0) 
FORMAT(1X.H).1P3L15.7.5(5X»I10)) 
bO TO 30 
KRITL(b.27)K0UNT.(2(l).l=IFK0M.IT0) 
FORMAT(lX.Iä.8(5X.I10)) 
I60=160+1 
K0UN1SK0UNT+8 
lFR0M=IFR0M+8 
ITOslTO*« 
lF(IbO.LT.7) GO TO lb 
IbO=l 
*RlTt(b.20) (TITLt(l).I=IFROM.IT0) 
bO TO (32»34.3b.3b.3b.36).Ib0 
«HITL(b.27)K0UNT>(2(I>.lsIFM0M.IT0) 
\»0  TO 40 

34 NKITE(b.3b)KOUNT.(2(I>.l=IFR0M.IT0) 

(/(I02).CU). 
(2(10b).GV). 
(/(IIO).ANN). 
(2(11.).HNU). 
(2(11(1).SCUR). 
(2(122).JH). 
(2(12b).RFT). 
(2(130).CO). 
(2(134).J4). 
(2(13H).SVMAX). 

(2(142).CNUE). 
(2(14b).IU). 
(2(150).Ell) 

(UR(100)«YA4C). 
(UR.TAU). 
(YY(2).V(1)) 

TlTLE3(h) 
PIOY 
TXMAX 
NC 
KUT 

N6 
RAOER 

SVS 
HNU 
JC 
J6 

ATOM 
COE 
RFT 

TM 
TY 
NP 
IH 

N7 
RA 
X2 
SI 

CV 
SC 
CD 
SV 

10 

3 
lb 
20 

22 

23 
24 
2b 

2b 
27 
30 

31 

32 

12A6.5HCYCLEF6.0) 
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.15 >-UKMATUX>Ib«b(!>X>IlU)itl'2Ll!>.7i 
du TU HO 

it.  «HlTt(b>^)KUUNr>(2n)>I=IFHOM»110) 

IKKOMslFKUM^a 
lTO=lTU+a 
KUUN1=KUUNT«ü 
IFdbU.Ll.Ti   00   10  il 
1U0=1 

41  riKITUb^U)   niTU(i)>< = lFHuM.|Tü» 
toU TO   (^ir^^fUUiHO^ttjtüJ.lbO 

**£   *(HITt(b.i:J>K.OUNT»(-J(l>»l = IFK0M.I10> 
(»0  TU  bU 

"♦<♦  riHITL(b»<tb)KOUNT> (/(!)> 1=IFK0M» ITO) 
tb FüHMAt(lX»Ib.iM<»L15.7»bX»UU.JLif>.n 

bO Tu  bU 
<*b  NKlTL(b»it7)K0UNTf (2(ll>l = IFK0Mf ilO) 
•»7 FUHMAI(lX»Ib»^(bXfIiU>>lHElb.7>2(hXiI10)»3Elb.7) 

bU TU  bU 
HU  WKITL(bf49)K0UM!T>l2(X>il=IFHUM)I1U) 
H9 KUHMAraXfIb»lP2tlb.7»b(bXrllO)) 
bU   IbU=lbU>l 

IFHOM=IFKCM»ö 
lTO=ITO>tt 
KUUNTsKUUimtt 
IKdbO.UT.T)   Ü0   TO <♦! 
KHlTUb.iO»   (TITLt(l)>I=mS>lbO) 
*KUL(br^J)KOUNT.lZ«n.l = l«lb»l,iü) 
NHITtlbilll) 
NKlTL(b>112) 
riHITL(b>113) 
«KITtlbtll*») 
wKITt(btllb) 
«iKITttbfllbl 
lF(Sl-<ttUlU0)b3fbt>b<! 

b2 iF(Sl-4.U12b)b3ibHfb3 
bi lF(AUb(LCK).bT.OMlN> NKirE(b»117) ECK.0M1N 

111 FÜHMATJ79H1S1 ERRUK NUMbEH TU FLAb THE SUBROUTINE WH 
11CH CALLtU MACHINE EXIT) 

112 FOKMATtbdHU '♦.OXOtt NORMAi. EXIT AFTER MAX. CYCLE//) 
113 F0RMAT<Ö9H 1. MAIN        b. COT 9. PH2 

1        13. Eb        17. PAC  ) 
11«» FORMAT(U9M 2. CARDS       b. SCRC       10. FLA 

lb       14. JMK       IB. SETUP) 
lib F0RMAT(H9H 3. INPUT       7. «OIL       11. UJL 

10M       lb. MFST       19. ESK  ) 
lib FURMAT(ti9H «♦. EDIT        Ö. PHI        12. LIU 

ILX      16. KFST      20.     ) 
117 FORMATUtiHO  ENEKbY CHECK ERROR. ECK =lPElb.7»7H OMIN =E15.7) 
bU RENIHU 10 

IF(N7.LU.10) bO TO 1UU0 
KEWIUU N7 

1000 CALL EXIT 
EWU 
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SECTION m 
EQUATIONS OF STATE FOR IONIZED VAPOR 

3.1.   INTRODUCTION 

Theoretical studies of hydrodynamics and radiation transport require 

information about the thermodynamic state variables of the system.    In 

many applications, local thermodynamic equilibrium (LTE) may be assumed. 

Under this assumption, the law of mass action can be used to solve for the 

equilibrium concentrations of every species present in the system. 

The methods described in this section, and the EIONX computer 
■ 

routines based upon them, apply to equilibria involving neutral atoms, ions, 

and electrons.   At low temperatures (generally less than 2 ev), molecular 

constituents may also be present.   Their equilibria, however, are calculated 

by other methods.   The EIONX codes provide for linkage of molecular equi- 

librium routines in such a way that the contribution of the latter to the ther- 

modynamic properties of the system can be taken into account. 

The law of mass action was applied by Saha in 1920 to the equilibrium 

Cs** Cs + e" . 
■ 

With concentrations, in cm"  , of neutrals, ions, and electrons denoted, 

respectively, by [Cs],   [Cs]   and [e"] , the law states that for equilibrium 

at T0K, 

[e]     [Cs]_    -AG(T)/kT 
[Cs]    -e 
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where AG(T) is the free energy change in the reaction.   Similar relation- 

ships hold for equilibrium concentrations of more highly ionized stages and 

excited ionic state».   If the perfect gas law is assumed, the following general 

relationship can be shown to hold for the relative concentrations or mole 

fractious, X., of ions of some atomic species in stage j (ionic charge je): 

X. u. 
_J      = r_J 

-vj/kT 

J-l 
u 
J-l 

where V   is the jth ionization potential of the atom,     u. is the partition 

function for stage j, and T is a parameter which is inversely proportional 

to the electron density, and therefore depends on the concentrations of all 

ionization stages of every atomic species present. 

The calculation of the state of the vapor at a given temperature and 

mass density therefore involves solution of a comparatively extensive 

system of coupled nonlinear equations for the concentrations of Cv. ;h con- 

stituent.   The EIONX routines perform this task, with the aid of certain 

simplifying assumptions, and then proceed to the evaluation of the thermo- 

dynamic state variables of the system.   These simplifying assumptions are 

most valid in those regions of phase space (essentially characterized by 

T  »   1) in which particle interactions are sufficiently infrequent that the 

distribution of ionic states is sharply peaked.   In othfcr regions, not only 

these assumptions but also those more basic ones mentioned in the pre- 

ceding paragraph are likely to be invalid. 

3.2.   FORMULATION OF THE LINEAR EIONX ROUTINES 

3.2.1.   Definitions 

T 

e 

P 

E 

' 

3-1 Specific volume, cm g    , 

Temperature, ev;   6   = kT, 

Pressure, dynes cm"2, 

Specific internal energy, ergs g 
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a 

i 
V. 

J 

x1 

J 

Number fraction of element i in the material; 

S a = 1 
i    i     L' 

Atomic number of element i, 

•th . 
J     ionization potential of element i, 

Number fraction of element i in the jth ionization 

stage;   S X^ = 1 
i    J 

r Mean ionic charge of element i;   Z   = 2    j x! , 
j=l 

A 

Mean ionic charge of material;   Z =s   a    Z . 
7      i 
i 

Atomic mass number of element i, 

Mean atomic mass number;   Ä =2 a A 
i   i 

i ' 
_ -1     -1 - _ 
Gas constant in ergs g    ev     ,<p = eR/kA = eN /A 

o 

3 9.b5xlOll/X, 

Constant in Saha equation;   c = 2h "  (2um )3'2m eR/k e P 

^    22.99 -5/2      -3 3 e ergs ev cm 

■ 

ß 

I 

N 

Electronic "nondegeneracy" parameter; 

3/2,    - r = ere      i <pz, 
O ä ^ / ? 

= » In (ere        /<(>), 

1 al .   O 1 . ^    =exp [(I    - V)/ei, 
J J J 

i = e in r = i  - e in z. 

Mean number of atoms per molecule. 
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3.2.2.   The Saha Equation for Ionic Equilibria 

-V> (I-.v')/0      ß] 

Z x1 = Te = e -i       1 s j S Z1 

The ratio of partition functions u./u.   , has been omitted from this 
J    J-1 

equation.    It is usually of order unity,   in contrast to T and the exponential 

factor.    The effect of omitting this ratio is thus equivalent to a small shift 

in temperature.      The pressure lowering of the ionization potential is also 

neglected. 

It should be noted that the distribution of populations X1 is in general 

strongly peaked near those stages j for which V^ « I.    For V^  =1,   in par- 
i i J -J • 

ticular,  X   and X       are equal,  while the adjacent terms X1      and X1      are 
J J-1 j+1 j-2 

smaller by factors such as exp(-AV/fl),  where AV,   the separation of the 

ionization potentials,   is usually large compared with 6 .    The mean ionic 

charge Z ,  for I =  V.,  is thus approximately 

Z1« (j-l) X1      + jX^ j- 1/2 
J "" * J 

This fact is used as the basis for an approximate interpolation procedure 

which avoids the need for solving the entire coupled set of Saha equations 

yet preserves some of the basic characteristics of any such solution, 

namely, that Z1 is o continuous monotonic increasing function of I which 

assumes half-odd-integer values when I is close to an ionization potential. 

. 
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3.2.3.   The ETONX Model for Mean Ionic Charge 

■ 

J     2     „i     „i 

—i 

Z   = 

v: - v: , 

1 + exp {— ) 

vi._1<isyi.j-z....zi 

ß1 

1     Z + ß\ 
1 

-1 

x1 = xz l.exp^.-^j 

z1 = z1 - i +xi
z.    I> V 

P: 

z +ß. 
I> V 

mt. That is, for I between two ionization potentials, Z (I) is the linear inter- 

polant between the half-integer values defined above;   and for I less than 

the first ionization potontial or greater than the last, it is assumed that 

only two ionization stages are populated (the neutral or stripped stage, 

respectively, and the adjacent stage), in which case a single Saha equation 

determines the state. 

These assumptions, together with the defining relations 

c. 

z =y <*. z1 

0 In Z 1 = 1 

. 

T;I form the basis for an iterative solution for I, Z, and the Z , given 9 and v 

orf 

3.2.4.   Computation of P and £ 

The thermodynamic varia»4es to be computed are the pressure P, 

the internal energy E, and their derivatives with respect to the independent 

variables T and 6.   All of these quantities depend upon Z, as well.   Since 

107 



AFWL-TR-66-108,   Vol 11 

Z Is not em independent variable but a function of T and ß determined by 

the model discussed above, it is necessary to impose a thermodynamic 

consisiency condition of some sort on the definitions of P and E.   A suitable 

choice is the thermodynamic relation 

lift-  =e (lf)T - P 

For the pressure, the perfect gas law is assumed: 

P=(N"1 + Z) W/T 

and for the internal energy a sum of random kinetic, ionization, and 
,. .    . 
dissociation terms: 

E=T(N     + Z) <PB+ (pYa£+ E,. ^ 1  toi Jf u.:xy 
i    i ai» 

i 

where E        is the molecular dissociation contribution, and ^., the mean 

ionization energy per atom of element i, is 

J-l 

k^\ 

i      i 

zl-i 

V.1, <  I sv* 

I<v! 

e.  ^ vk + (z - z + DV^ 

k=I 

i > v: 

These definitions for £. are the simplest which conform to the thermo- 

dynamic consistency condition and also to the assumptions made above for 

the X.. 
J . 
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The derivatives of P and E are 

o-^ ^te-^of) 
TJ 

e [        ö e} 

»e. 
(Be = I * P » - ^2 (If)} ^ 1 «.(-U), + &) 

Pi 1 

—(f|)T=D-'L^+i)(*fl) 
i 

■ 

•£, 

.. 

J   = Min     V   ,   Max (V 

■^♦II-.^) 

I- "1 
T e 
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/dZl\        1 , i £ 
(Trie=-T—Til       vj_I<i,vj.j = 2. 

J     J 

ß\z 

6{Z + /3J)2 

Xj (1-XJ) 
e 

■ 

-  ■ 

i < v. 

.. z^ 

. 

^z2 

0{Z + 0') 
mit 

4 »-4'    i 

Edi8'  ^  and their derivative8 ars obtained from molecular equilibrium 

routines external to EIONX.    If no such routines are used.   N is taken to 

be 1 and its derivatives are taken to be zero; similarly,   E       =0 
dis 

The velocity of sound,  c^   is determined from these derivatives by 

using the thermodynamic relation 

2        2 
C     =   T 

O 
'j__  /8P\2      /8P\    ] 

3-3-    PROCEDURES FOR ITERATIVE SOLUTION 

When only one element is present in the material,  a number of sim- 

plifications are possible in the formulation and in the program coding; 

furthermore a more efficient iterativ«: procedure is availabis.    Two ver- 

sions of the linear EIONX routines were .herefore prepared.    The more 

general multi-element procedure is described first. 

3. 3. 1.    Multi-element Iterative Procedure 

1. Initialize (i. e.,   iteration index n = 1):   Z*n' = I. 

2. 1° -0   In Z       -*I 
(n)        (n) 
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3.   compute Z . 

•^v'-w 
5, Apply Aitken extrapolation every third pass. 

6. If 

Z{n+1) " Z(n) 

'(nrl) 

ti Hit 
> e 

• 

then n+ 1 -*n rnd repeat from step 2. 
■ . 

7. Otherwise,  1° - e In Z — I 
(n+I) 

8. Compute Z.  its derivatives,  and all of the thermodynamic 

variables defined in Section 3. 2. 

The procedure converges unless,  for some i, 

e/z 

vS v! , > 1 and 1/2  < Z < Z1 - 1/2 

Since,  usually,   vj - vj^   > ZO.  failures are exceptional.    They have 

occasionally been noted for materials at moderately low temperature and 

very high density,   essentially also the conditions for electron degeneracy 

and consequently for inapplicability of the entire formulation.    If conver- 

gence does not occur in 20 iterations,   a flag is set and the last iterate is 
used. 

3- 3' Z-    Single-element Iterative Procedure 

For Vj < is Vz, 
■ 

■ _ 
I    - Ö In Z - V.   , 

Z = j - 1. 5 + -r W = a - b In Z V   - V 
j    j-l 
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where 

a = j - 1.5 + 
i0-v. 

V.- V.   . 
j       J-l 

Ifb/Z < 1,   the iteration procedure 

Z. ^.^ = a - b In Z. . 
(n+1) (n) 

converges,   since then 

b = 
6 

V. - V. 
J        J-l 

■ 

z/  XM - z/  v= -b In (n+1)        (n) 
1   ,   Z(n) " Z(n-1) 

'(n-1) 

s -b 
Z(n) " Z(n-1) 

'(n-1) 

and the convergence ratio is 

Z(n+1) " Z(n) 
Z(n) " Z(n-1) 

a ^   <1 

By a similar argument it can be shown that if b/Z > 1, the iteration 

procedure 

a - Z 
In Z (n) 

(n+1) 

is convergent. 

There is,  however,  a far more efficient procedure for the single- 

element case.    For V.   ,   < I 2= V.,  let O = j - 1/2 and x = (I- V,   , 
. J-1 J J-l 

(V. - V     ) so that Z = a + x with 0 < x s i. 
)/ 

The equation 

Z = a - b In Z 
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may then be written as 

so that 

x = - a + a 

a+ x = a - b In (a + x) 

- b 

00 

Ino + 2  y    -i—f-^—) 
J^Q 2k + 1 V 2a + x/ 

2k+l 

or 

x =  (1 + 
2a 

2b   .-1 f 

L 

\2k+l 1 + a-b   Ina-2b   S    ^-i—/—1«) Zl    2k + 1 \ 2« + x / | 
k=l I 

This expansion of the logarithm converges provided that a   > 0 and 

-a < x < +CP; both conditions are satisfied in this application.   The iterative 

solution for x is then straightforward: 
■ 

x      = -a + a - b Ina   - 2b —-i— 
(1) 2a + x 

WD =(1+25TT-)    \-a 

(n)       L 
+ a - b In a - 2b 

2k 
M-J& ) 
+ lV2a + x. / 

2k+l1 

J^ (n) 

This procedure is more than twice as efficient as the general multi-element 

procedure for a single element, primarily owing to the elimination of most 

of the logarithm calculations and the bookkeeping required for additional 

elements. 

3.4.   PROGRAM FLOW 

i 

The EIONX routines are called by 

CALL EIONX (XlfX2,MlfX3) 

where XI is the temperature 6 in ev; X2 is the specific volume T in cm3/g 

Ml is a material identification integer discussed below; X3 on entry speci- 

fies any special options as discussed below; and X3 on exit contains an 

error parameter if a noncatastrophic error has occurred, or zero if no 

error has occurred.   Catastrophic errors cause an immediate return with 
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a nonzero value for the error flag EION(14).    The calling program should 

check both X? and EION(14) on return, and take appropriate action if either 

flag was set. 

On entry to EIONX, a nonzero value for EION(14) enables a call to 

one of three molecular  equation-of-state  routines,   provided that the 

material identifier Ml is set to one of the following: 

102 (air) 

101 (polyethylene) 

306 or 6     (carbon) 

The subsequent procedure for air is as follows:   Ml is changed from 102 to 

208 and a return is made to the calling program, which then calls a special- 

ized air routine.   For carbon and polyethylene, the molecular subroutine 

CMOL (for carbon) or ES1LMS (for polyethylene) is called directly for cal- 

culation of Edis, N, and their derivatives.   On return to EIONX, Z and the 

other ionic variables are calculated in the same way as in the monatomic 

case (an approach which is more valid for carbon than for polyethylene, but 

is considered satisfactory for both materials).   The final results contain 

contributions of both molecular and ionic processes. 

3.5.   COMMUNICATIONS BLOCKS 
—————^—^————^^—.^■^—. 

Except for the four subroutine parameters, communication with 

EIONX is handled through arrays in named COMMON blocks.   The contents 

of these are listed below.   At the top of each list are the block name, array 

name, and array dimension; and for each element of the array, the index, 

equivalent names, and descriptive information, including variable type if 

different from the implicit type of the name,  are given. 

/LMS/EION(20):   The main output communications region 

EION (1)   THETA, 0, temperature, ev 

(2) TAU, T, specific volume, cm3/g 

(3) ZBAR, Z, mean ionic change, or free electrons per atom 
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(4) ZBARI,    Z , mean ionic charge of a constituent element 

(5) PHI, <p, gas constant, erg/g/ev 

(6) ES UM 

(7) PRESHR, P, pressure^ dyne/cm2 

(8) ENERGY, E,  specific internal energy, erg/g 

(9) DEDTHT,(8E/8 Ö),.   = C^, specific heat at constant volume 

(10) DEDTAU, (8E/8 r) 

(11) SNDSPD,   T(-8P/8T)*=C   ,  sound speed 
o   o 

(12) DPDTAU, (8P/8T)e 

(13) DPDTHT, (8P/8 B\ 

(14) If nonzero input, molecular EOS is called; if nonzero output, 
fatal error. 

(15) 

(16) ZMEAN, S. ö .Z , mean atomic number of elements in the 
material 

(17) NBAR, N, mean number of atoms per molecule; REAL type 

(20)   ZSUM3 

(18) ZSUM1 

(19) ZSUM2 

/LMSB/U(1);   A variable-length input block, supplied by the MARI routine. 

Any number of elements, greater or equal to those actually needed, may be 

represented, and in any order; preferably those used most should be first. 

In the MARI routine itself, each element is represented by an array of 

DATA statements, with the chemical symbol used for the array name 

(which must be REAL type).   Each array contains, in order, the atomic 

number Z , the mass number A , and the ionization potentials V., 
i 

j=l, 2,..., Z .   (Higher potentials which will not be needed in the calcula- 

tion may be entered as zero.)   In EIONX, /LMSB/ contains a single array 

name U, the contents of which are of course identical to those entered in 

MARI provided that the system loader uses MARI to define the COMMON 

block. 
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U(l),   zy>,  charge nvunber of first element 
(2). A     , mass number of first element 

(3;,  V2   ,  first ionization potential of first element 

(Z      + 2).Vz     , last ionization potential of first element 

(Z      + 3),Z     , charge number of second element 
etc. 

/LMSC/M(01):   Material definition and indexing information.   M. Z and 

PAÄT are equivalent array names. 

M(l), NOLMNT, number of elements in the material.   Note:   INTEGER 
type. 

Z{2), Z , charge number of first element in the material 

PART(3)f a^, number fraction of atoms of first element in the material 

M(4) ^      index in the U array of the first entry (Z1) for this element. 

Z(5), Z , mean ionic charge for this element 

Z<6>' #J| 
J.     t 

2(7). (r+-2-) 
Z(8), J. 

Z(9). {$)T 

' 

See Section 3.2.4 for definitions. 

. ■ 

I 
z(ii) E1 

2(12)    I 

Z(51)    j   10wordgro^P8 like Z(2)-Z(ll) for up to 4 more elements 

/LMSD/TLMS(30) 

TLMS(l), BACK(l), Z^, previous iterate for Z 

(2), BACK(2), Z    "   , second previous iterate for Z 

(3) A, mean atomic mass number 

(4) temporary storage 

116 



IIMIWiillii 

AFWL-TR-66-108,  Vol n 

(5) In(rZ) 

(6), XBAR, X1 

(7),  ZBARLN,   InZ 

(8) temporary storage 
—   1     — 

(9), XI,   W"1 + Z) 

(10) 1=    ÖlnT 

(ii)        z^^-zz^ + z^-^ 
(12) Z(n+1)-Z(n) 

(13) V. - V.  j 
J J 

terms for Aitken extrapolation 

(14)        v^+v1,+ -..+vi : 
' 12 j-1 

(15), DZDTAU(8Z/8T)0 

(16), DZDTHT (8Z/9e)T 

(17)-(30) temporary storage 

/LMSE/:   Internal flags, DO-loop indices, etc. 

MATERL , material Identifier, from subroutine parameter Ml 

ILEMNT atomic charge number,  U(I1) 

SNAFU, PATH, internal error flag,  special option flag 

II index of Z in U array 

j, upper ionization stage index 

index of V. in U array 
j 

i 

iteration counter 

14 

15 

16 

17 

18, NJUMP 

19, BYPASS, internal flow flag; INTEGER type 

110, M2 
T1 J l 

J2, L0 

J3 
l>iS$ MA^iTtftrfui   ä.;At.J   \ •K-.W  *r*n  Sfr-v,  ^ ■;.^i^n :'' 
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J4 

J5 

J6 

/EOSIN/EIONIN(30):   Specifies material composition for nonstandard 
■-*»»■ materials. 

Elements are in order of increasing Z. 

EIONIN(l) (=NOLMNT), number of elements ;n this material; REAL type 

(2),  Z^  ',   atomic charge number of first element 

(3), or1^,   number fraction of first element 

(4), Z^    ,   atomic charge number of second element 

■ 

(2*NOLMNT+l), Last entry for first material 

up to 2 additional materials, specified as above. 

(28), FESTER{1), option flag for molecular routines 

(29), ZBRMIN(l), for Z less than this, ionization is ignored. 

(30), EPSI(1), convergence criterion for Z iteration 

/LMSG/CARBNZ(10);   Communications area for carbon molecular routine 

CMOL,,    The first six words contain molecular contributions to energy, 

pressure,  OE/8T)0, OE/8ö)T,  OP/8T)e, (8?/89 )T. respectively. 

/LMSESN/TLMSB(15):   Communications and working storage for poly- 

ethylene molecular routine ESILMS.    Words 12,  13, and 14 are equivalenced 

to DNDTAU, DNDTHT, and DISNRG, i.e., to{8N/8T)0,  (8N/80)T, and 

E,.    respectively, 
dis 

3. 6. MATERIAL IDENTIFICATION 

The third subroutine parameter. Ml, identifies the material accord- 

ing to the following list: 

1-100 Single-element materials; M1=Z, the atomic charge number, 
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101 Polyethylene 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 
116 

117 

118 

1   i   .    S •  i ■■        '!    ■ 

■ 

Air 

Teflon 

Nylon-Phenolic A 

Wet tuff 

Refrasil 

Phenolic A 

Lithium Hydride 

Salt 

Magnalium 

HMX 

Refrasil B 

Phenolic B 

Refrasil C 

Carbon-phenolic 
First material specified in /EOSIN/ 

Second material specified in /EOSIN/ 

Third material specified in /EOSIN/ 

119-200     Currently invalid but reserved for multi-element material 
specifications 

201-300     Reserved for equation-of-state routines not under control 
of EIONX 

301-400     Reserved, for special isotopic compositions of single- 
element materials; Ml = 300+Z 

Care should be taken to use the multi-element version of EIONX if 

100 < Ml - 200,    In other cases the single-element version is recom- 

mended.    All elements called for in the Ml specification must be repre- 

sented in the table of ionization potentials in /LMSB/. 

3.7. OPTIONS 

The fourth subroutine parameter, X3, may be used to specify a 

limited part of the entire EIONX procedure.    X3=0. gives the complete 
3 

calculation and is the normal setting.    X  =-1.  provides for computing only 
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the two quantities 

PHI = 9.648679X1011/A 

ZMEAN = Z Q.Z1 

1 

X3=-2.   suppresses all contributions from ionization by bypassing the Z 

calculation and setting Z=0.    X3=-3.   is designed to provide communication 

with non-equilibrium ionic routines; the latter supply as input the following 

quantities in /LMSC/ for each element in the material: 

M(10*i-6)   Index in the U array of the first entry (Z1) for the i 
element. 

th 

—i th 
Z(10*i-5)   Z , mean ionic charge of i     elament, 

j th 
Z(10*i-8)   Z, charge number of i     element. 

The EIONX routine then evaluates the thermodynamic variables P, E, C   , 

etc., and returns control to the calling routine.    For Ml = 101, 6 or 306, 

this option should instead be specified by X3=-4. , which allows for molecu- 

lar contributions. 

3.8. ERROR RETURNS 

For sufficiently mild error conditions, a normal return is made at 

the completion of the calculation with a nonzero value of the parameter X3. 

For example, in the calculation of sound velocity the quantity 

-°._L.(9Pv2        8P 
2 " C„ l8e'T      18T' 0 

T V 

■ 

■ 

• 

may turn out to be negative (this only occurs when ES1LMS is used at very 

high densities).   If so, the sound speed is set to zero and the above quantity 

is returned in X3.   More serious errors cause an immediate return with the 

catastrophic error flag EION(14) set.   Th; following list of EION(14) settings 

may be used for diagnostic purposes: 
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97.0097 

97.0150 

97.0505 

97.0502 

97.0012 

97.0C03 

97.0607 

97.0007 

97.0297 

97.0197 

97. 

Invalid Ml (material identifier) 

XU e<   0. or X2=T  <10'30 

(Multi-element version):   internal data statement altered 
incorrectly 

(Multi-element version):   /EOSIN/data input (for M1=116, 
117, or 118) incorrect 

(Multi version)   1 „.     ,   ,   , 
S Needed element omitted from MA 11 

(Single version) ) 

(Multi version)   ^ ...,,,    , 
l Needed iomzation potential was ^ero. 

(Single version) J 

CMOL iteration did not converge. 

CMOL was called with T < 0.1 

• 

} 

■ 

. 

i 
■ 
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3. 9.    APPENDIX:   LISTING OF EIONX ROUTINES 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

L. 10NK      (X!»   >./*   i.|l>   x.^   ) 

COOri)  KAYtl'ib'j tiV  LLW   '.(HAlil 
RLCOUtü   ITCNAriOU f'KUCLlUUKI    f (»K 

LA'JT   CÜMHIUU)  IIY   (,.   LAUh      JDUI. 

Ui IL r   I- UH     Si NOLI 
'jUHKUUTINt. 

C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

/''(A«   MAY 
Hi I'W.fi 

(.»    I"M,  IV   i,.   LAIIl 

M!) 
M'I 

***** 
***** 

********** 
********** 
********** 
********** 

********** 
********** 
********** 
********** 

HAtlONAU.   - THHIJ   STAtl 
^OLUTIOII. 

..AHA   l.uUArioil   til «ATIVI 

cooru mu MNLLL-KI I.MI.NI-MAII IMAL'. WILY ♦»* 
COOLU  TOM SINdLL-l I LMKrn-MAKJMAL'.   Olli Y ♦♦♦ 
tOf)t.()  fW OlHüLL-l Lt^MfflT-MAItl'IAL',   OHLY ♦♦♦ 
COULU   FOK MI10LL-U.LM|.NI-MA(I lUAt/.   Olli Y ♦♦♦ 
CO!)LU   FOH 'jIl-loLL-llKMFNT-MAimlAL'.   OHl.Y ♦♦♦ 

ZltAU .LL.iL-'.j KEVLKT'j  TO I'LHFICT  (.Ar.  Allf-m l'5. 
^KAK .Ll.lL-'j KLVf.MT'o   TO  CLKM.CT   OAf.   AM'.WI I'1, 
tbHH .LL.lt-t/ Kf.WtRVj  TO  MtHFI.CT  f.AI.  Afr.WU'r. 
<:t)Al< .Lt.lL-b KfcVtHTS  TO Ptl'ffCT  OAr.  AM»,WI l.r. 

**********   ^UAK .LF.IL-'.- KCVtUTS   TO  CtHKtCT   GAS   AHr.Wf IC, 

t'ONU«*)   MUST  IJL  NON/CRO TO CALL  A  MOLLCIH.AK  LOUA7ION  OF 
tJON(lU)   lb  'JLT JUST   UtIOHE   LMTUY   TO   THIS  SUHPOIITIMI. 

♦ •»♦»M'i 
M'i 

»♦•»♦* tt**'Ai< 
»«»•***** »M'j 
♦ ♦*♦♦♦* «**M!.. 
♦ ♦•♦♦♦♦ ♦♦»'/)', 
♦ ♦♦ ♦♦♦♦»♦*f«-. 

M«j 
♦*****»»«*MS 
♦ ♦♦•*«•»*♦ M'j 
»♦»♦ ***i**M!> 

♦ ♦»♦*♦*♦» «M'j 
♦ ♦•♦***• **M'I 

MS 
STATL 

COMMON/LMS/   LlOIJliO) 
VAHlAuLl.S     (IDHUT   AliO   OUTPUT 1 

KLAL  NbAK 
LUUIVALLNCt   (LIONd ) » Till TA) . If ION(?). IAU) . (LlOMl ?) »/HAP) 
LQUIVALLNCL   ILION(U) »^IIAIU )»<l. ION(b) t   PHI) . (K ION(f)) .1 SUM 
LUUIVALLNCL   (LIOtg(7).('Htl.MK)»   (t ION(ü) »triLHOY) »    (EIONC) 
LUUIVALLNCL (LIOIJ (10 ) »DLUTAU). (K ION (11) » 'JIIDSHI) >» IF ION( 12) 
HJUIVALtNCL   ILI0N(IJ*.L)( UTHT) 
LUUIVALLNCElLION(l..)»ZMt AN)»(LION(17).NftAR) 

) 
»HI LlTHT) 
»OI'UTAU» 

COMMüN/LM'JL/MATLKLIILLMMT.SNAHJ»!!.!?»! J»!1».!'., If» I 7, in. I"» UU. Jl 
2   J2«J^>J<«»JbrJb 

UATA  MATLHL»lLL"MNT»'.NAFUf Il»I2»I3.m.i;>» Ih» 17» 10» Ir'» Itdi J) . 
ü       Ja» JJ»J«»» J'j» Jb/2*U»0.» U)*U/ 

LüUIVALLNCL   CjNAKLWt'ATM) 
LUUIVALLNCL   (lü.NJUMP) 
LUUIVALLNCL   (lin»M^) 
mUIVALLNCL(LO»J^) 
LQUIVALLNCL (UFOI<L»Jb) 
1NTF0EK UYPA'J'J 
INTEOLK UFOHL 

MATLKL 1'i INPUT A;. Ml 

'JNAFU li,   THL INTLKNAL ÜUHKOUTIMt FHROK KLAG CILL 
XJ IS SLT TO SNAFU ON r.Uöl<OUTINt fXIT 

Xi IS SET TO (I. IF NO SUtROUTINF »RUCKS ARI. FOUND 
TO MACK1 IF Tü.OL.Pn (Tll[ MOUtlNI lir.Fi» Till 

2UTH ITLRATE OF ZuAI'l AS US FIMAL ANSWER.) 

AOOVL AKL IJÜ LOOP RMtiNINO INPICLS OR JUMP UOU 
11 SPLCIKILTJ Till; LOCATION OF THL ATOMIC MUMMFR. 
1^ SPEClFlLS THE UPPER IONI/ATIOM IMtHX. 
U SPECIF1LS THL LOCATION OF THE UPPER I0MI7ATI0M POTtN 

TIAL. 
lb COUNTS ITEFATIONS 

COMMON/LMSÜ/ TLMSIJU) 
lE-MFORARY i TOR A 01 

Mt 
MS 
MJ> 
MS 
MS 
M!) 
MS 
MS 
MS 
MS 
MS 
MS 
M'i 
MS 

'■IS 
. MS 
Mti 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
.MS 
MS 
MS 

-MS 
MS 
MS 
MS 
MS 
MS 

no?n 
no •,() 
onun 
noun 
OUihl) 
no 70 

Ott'M) 
01 on 
Olid 
ni^n 
nun 
man 
oi so 
nlf.o 
1)170 
ni«n 
019« 
n?on 
ni?in 
()i'?n 
n?3n 
n?'to 
02b0 
02».n 
0270 
02Hn 
02^0 
0300 
0310 
0320 
0330 
03ao 
03S0 
0360 
0370 
03PO 
0300 
0'»()0 
naio 
0U20 
n'«30 
mno 
ouso 
0460 
0'470 
(I'4 MO 
ou'in 
ObOO 
OSIO 
0b20 
0S30 
osun 
ObbO 
0b60 
(kS70 
Oböü 
ob')n 
01.00 
Obin 
0620 
0b3O 
(X.ilO 

ObbO 
ObbO 
OhTO 
OhMO 
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c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

tuuivAUNunuMMiI.IIAU n»(ii 
UJUIVAUWI:    (XHAU. rU'lMt ) ) 
tUUIVALLIVCL   (TLM'jIDf   MuMA   >.    (1l'<'.(').    »I    I 
LUUIVALLNtL(TL^'>{l;i).|^:i lAU   ) 
tuUIVALLNCU ILMr.( 1(.) »Ut'l fill ) 
tUUIVAU.NCMlLM',(i>7)»XAl>An 
LUUI VALtNCL ( TLMS (<'(«)• 1>AMMA I 
t(iUlVALLNCL(TLMr.(i'>) .till) 

COMMON/LM'oC/   MCill 
UlMfNSION  /MJD .MAIfK'.l) 

tUUIVALtl>ICL(M(l).IJi.)LMIjT)»    iHlAUZi?) ) t lill M ,1'M'I ( *) ) 

COMMON/LMSD/Ud) 

MS 
'1' 

MS 
M'I 

M'I 
M' 

♦ ** THt OHDLH   (Of- 
H1ÜHEST bPtXU» 
HLACtU HHST. 

AKKAV CUNTAINING 
NUMhLU. ATOMIC MA'j'w 
INCKLASINO OROCM. 

CLLMttlT'j IN THt TAnLf ) 

H)H FACH LLrMLHT» ATOMIC 
Si IOHI?ATIOM POTfNTIALS IM 

10 MOT MCHIFICAHT. f 01' 
THOr.l ELLMCNT5 MorjT FRI OUKMTLY CALLtl) MIOULU 

THK FII'ST LLFMHIT.SAY 
AMKAY l-OKMAT 

U(l) I'J THt ATOMIC NUMHtH 0^ 
U(2) IS ITU ATuMIC WtlGHT. 
U(3)»LTC. AHt»IN MONOTONt INCHLAf.ING OUI)t:N»ITr. ION- 

ISATION HüTCmiALS. A MAXIMUM OF ,.A SUCH ARC 
ALLÜIDLÜ AHHAY ELEMtliTS FROM (M.I) THRU \H7fi*i). 
ALL lONIZATION POTLNTIALS HFOUIRFO MY THE INCUT 
THETA.TAU VALUES MUST HE LOAnED. HIGHER POTLN- 

Bf. INPUT AS ZERO OR MAY HE SKIPPLU ()Y 
DECK WITH A HSS CARD, 
ATOMIC NUMIJEH Oh THE SECONO ELTMENT. 

T1ALS MAY 
THE INPUT 

U(2r+3) IS THE 
SAY /II. 

U<ZA*(») IS THF 
UC/A+'J) UFO INS 

ATOMIC WEICiHT OF THE SECOND ELEMENT. 
ITS IONISATION POTtNTIAL TAMLF. 

COMMON/LMSG/C ARIJNZ (l Ü) 
COMMON/LOSIN/LIONIIUJO) 
UIMFNS10N EPSI(l) 
käUIVALLNCE(LPSI(l)>LIONlN(J0) ) 
UATA tPSI/.OOl/ 
DIMENSION ZUKMINCI) 
EUU1VALENC[(SI1HMIN(1).LI0NIN(?')) I 
DATA ZUNMIN/.00001/ 
DIMENSION FESTER(1) 
EQUIVALENCE  (FESTER» EIONIN(Üfl)) 
DATA   FESTER/0./ 
DIMENSION ZLN(IOO) 

EIONd«») IS SET IF EIONX WAS CALLED WITH AN INVALID MATERIAL NO. 
OR IF A NEEDED IONISATION POTENTIAL WAS FOUND TO DE /FRO 
OR IF A NEEDED ELEMENT IS MISSING FROM THF MART DECK 
ÜH IF THtTA(EV) WAS LESS THAN ZERO OR IF TAU(CC/GJ WAS LFSS THAN 
l.E-30 

ENERGY: 
N13AR= 

PATHS 
THETAs 
TAUS 

0. 
1. 

XJ 
XI 
XÜ 

M». 
MS 
M'i 
H«j 

M', 
MS 
M'i 
MS 
MS 
Mb 
M'- 

MS 
MS 
MS 

HI MS 
MS 
MS 
MS 

/^MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 

MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 

llt.ifl 
0/0(1 
0/10 
0 7^0 
OMf 
0 7'10 
07S0 

0760 
0770 
07m 
(J".'JO 
OHon 
OMin 
flH^O 
o«5n 

ooso 
OHM) 
UH70 
omo 
OM'iO 
0900 
0910 
OOpt) 
0930 
O9'»0 
09S0 
OcMB 
OS'70 
09no 
09'JO 
loon 
1010 
1020 
1030 
10<»0 
10S0 
1060 
1070 
lOflO 
1090 
1100 
1110 
1120 
14 30 
1U0 
USD 
1160 
1170 
UHO 
1190 
1200 
1210 
1220 
1230 
1240 
12S0 

1270 
12H0 
1290 
1300 
1310 
1320 
1330 
1340 

123 



AFWL-TR-66-108,   Vol II 

IKTMITA.LT.U,.OK.TAU.1.1,1,1-Mi)   «,«   fu   !■,(, 
lK((JATH,t«,(-J,)»   (,ü   TO  «.»du m      n,lf, 

If     1M1,(.L,1(I1,ANIJ,M1,11 .JUll.O((,Ml,i,)  .(Ull.(ll',M).((3.fl)    10   10   o;      Utt       i , »„ 
If     (Ml   .LU.   M,i   )   CO   lo  "I ,.,       J .„,. 

UMf-'ATH.t«.-!.)   00   10   MiJJ }V 

UO   '»U3   1=   1»!)1 
^(I)= 0, 
IMI,Ol,lU)   00   10   SÜJ 
CMmtiitz o. 

büJ  C0M1 IIJUI. 
'iOJJ LUNTlNUt 

U    (ILtMNT.Gt.JOl)   00   TO «llll                                                                                       »!' IM!! 
IKILtMNT   ,tü.   0)   00   ft)  '»/ ";' ,'." 
I'juTOf'x          1 ' *   ^ 

^*0^ tONTlNUL ,A':' I'*"" 
c 
c 
c 

a- i 
tWUMPs 1 

M', 1 <«',() 
M'J mr,n 
M'l l'«7(l 
MO 14/iO 
Mb IM-'fl 
MS l1»«« 

IK   J1-ILLMN1   )   i.bkf.S /     !. ." M'j      I'jJO 
C FOH   5Hüf<TLbT  OLARCfl»   f'lir   IN OHIiUi  Of  MOST-tK I Dl 0 UK'.f     M'l     I'tao 

MS   r.'jo 
C AT  LXIl»   11=  ARNAV  LOCATIOH OF   nC&lHfU  7:ATPMIC  HO. MS isijO 
C NLXT   AKMAT  LUMfcNT   IS  ltd-  ATOMIC   WLIOMT.   THIS I'i FOLI OW(/M'. U,70 
C fir   THL   U.I   OF   IONISATION  POTtNTIAUS   (MONOTONE INCRLASNOIMS IbMfl 

NJUMF»; NJUMP+l 
IF   INJUMH   .LT.   ^01   )   00  TO     ;' 

LlONd"«»: y/.OOUJ 
KLTUKN 

C            tiON(lH)   lb  bLT   IF   A   NLtUtO  LLLMINT  flAb  (ill U LIFT  OUT   Of TffL Mi! UvhO 
C            MAHI   ULCK M; l()7n 

•♦01  C0NT1NUL *'? J*"" 
IbOTOfr 2 MJ ibM) 

ILtMNTs 1LLMNT-50U J 17  n 
W T0 »^ MS ll-T* 

fu'»  CONTINUL u? !,.'' 
lüOTOfr 1 "s }!:" 

M*J l«,in 
MS 1()^0 
MS th.UI 
MS 1640 
M!i IbSO 

00   TO   i M'j     i7ao 
Ms    i;sn 

97 LIONCU):   97.0097 HI*     JZSI! 
KLTUKN JJ     [JJJ 

C tlON(m)    IS  SLT   IF   L10NX   WAS  CALLHl   WITH   AN   IWI/AI in  uirruiAi    ..« .-.„„ 

C 

IS SLT IF L10NX WAS CALLtO WITH AN INVALID MAtrHIAL NO.  MS 1710 
MS 1H00 

W  CONTINUL ";' I!!" 
IF(ISOTOP.LO.i)   00   TO  404 Sfc l«An 

PHI--              9.bl,H679£ll  /  UdlH, JJ [^ 
2| I     i(I1) MS 1HS0 
PAKmi-   i Mb l060 

MU)=      il M,J 1H70 

SMLAN=    U(ll) U }""" 
TLMS(i)r u(ii*i) j {£;; 

ui   rtl£fiSflr,0N   ALS0  CÜM,JU1t:'J   A   MLAN   ATOMIC NHMHr K   CAM IP   7M1 AN                MS 1910 
yl   tONTIUUL M, .(,~n 

IFCPATH   .LÖ.    (-1.))   00  TO   1 „.j [JJ, 

IFO'ATH   .LO.    (-2.))   00  TO  7S £,' 19S0 
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c 
t 
c 

c 
c 
c 
C 
c 

lb 

moo 

mo 

10J0 

1040 

U   »L lone j'd   .1 ■). H.) (((i in •i't'i 
LIUN(IU)    IS   in   Id    Ml   KMOI'l    IIIIO    Id  I lutlMl 
LJONdU)   r-UCjT   Hi    Ml   mti/tlUl   in   (All     Hit    MOLIMMN'   I if*)  <if 
CAIIMON  HUH1,  UM Hi,   l.lnfjy   Alll)  (MM    MUM   Ml   IMKM.Min 

II-    (111 M(jl    ,1a,   o   )   (All    ( tldl ( IAII, ll(f IA*M Ml 1) 
^t'jTLK   1'..  t HHHtHXH) 
LlüllIN(<iH)   MUM   HI    Ml   .l.f.   II.   HY   flll'iit   in  (.IT 

fKAHM AT10N-(,I)LY   CMfil 
LIONlNl^y»   MUM   UL   Ml   .<;!.   0.    U)   (•11   IHtMt   .in.   n,   WMHi 

1   lliii*.   MI.; in   .Li.   r.no. 
II-    (CAMHIJtIH)    .1«.   II,    )   00   10   Mi 

LIONClttli     CAI(HN/(M 
KtTUKN 
CONTINUL 
CüNTlNUt 
IF(PATH.t(J.(-4.n   no   K    UU0U 
TLMSCJ):     Zg,HtiZl>   ♦   AL()( ( lAU/l'lll)    •    l.S«   ALOMIMMA) 

lbs l 
lK(l)KOKL.Or.U> .AIJI). (HI (/Ml .Ll .llf MfM ) I   nO   To   |fl.4fl 
IMHKWt.üT.lUMNT)   00  TO   lolO 

UO  1000  K~ltUn> 
AK=K 
AKEAK-tb 
ZUN(K)=  ALOO(AK) 
CONTlNUt 

CONTlUUt 
J4s     1LLMNT 
Jiz     ILLMNT/2 
siiS     MAXO(JJ.l) 
IF(HI-OKL.EO.Ü)   JiS   1 
Jb=     1 
00  TO  10bO 

CONTINUL 
TLMS(lü)=   TltlTA^dLM'jC))   -^LNIHIOKI ) ) 
in ii*unmni 
12= ÜFOKf 
IMTLMMlOI.LL.   U(IJ)I   00  To   10«ü 
IF Hi'        .LÜ.ILLMNT)   00  10  7 

JJs      HFOHF ♦! 
J«s      ILLMNT 
Jb=      1 
00 TO IO'JO 

CONTINUL 
IF(l2.ta.l) 00 TO lU 
JJ=      UFJKL -1 
J^s      2*Ji   -1 
Jb=      2 

lübü CONTINUL 

00 lOOU K3 JJ#JU 
IF(Jb.Lu>2l 00 10 lüol 
I2s    K 
TLM5(lü)=  TMLTA^iTLMbCiJ   -^l.Uil^)) 
11* II   +1   +12 
IF(TLMb(10).LE.U(n))   00   TO   1(I7U 

lObO  CONTINUL 

M', l"<,(l 
If, I'lfli 
M'. t'tm 

.fAfl    N*i l<rii\ 
'M',!,»! 1 IMS 2(i'tn 

m 2010 
M'-, 2020 
w, 20 VI 
M*i 2n'(n 
m, .'■OSO 
m 2n'.(t 
M'j 20/(1 
Ml. 20M0 
(ft; i>0'H] 
MS 2 inn 
Ml, 21 in 
MS 2120 
Mh 21.50 
MS 2l'<n 
MS 9iHa 
MS 2 ion 
MS 217(1 
MS 2lno 
MS 21'JO 
MS 2200 
MS 2210 
MS 222(1 
MS 2230 
MS 22'»0 
MS 2250 
MS 2260 
MS 2270 
MS 22H0 
MS 2290 
MS 2500 
MS 2310 
MS 2320 
MS 2330 
MS 2 3un 
MS 2 3S0 
MS 2300 
MS 2370 
MS 23H0 
MS 2300 
MS 2'»()0 
MS 2'*10 
MS 2420 
MS 2<«3n 
MS Zt1* ) 
MS 2tbH 
MS 2(40(J 

MS 2'»70 
MS 2'»no 
MS ZH'W 
Mtt 2'J('0 

MS 2bl0 
MS 2b2n 
MS 2b30 

IF(Jb.t0.2>   00  TO   l<t 
00 TO  7 

MS 2r.Hn 
MS 2O20 
m 2630 
MS 2O'»0 
MS 2OS0 

125 



AFWL-TR-66-108,   Vol II 

( 
lohi UMTIHIH. 

IdS K- /♦(It» ()«| - J,;) 
ILMC,»1UJ= THi IAK Il.M>('.) -,'ifJ(K')) 

00 Tu 1ÜOÜ 

1070 C0NT1NÜL 
II  (It'.Lü.U   GO   TO   14 
FLMSdO):   THLIA»(Tl.Mb('))   -/IfJd^-tl) 
IJF0HL5 It 
00   TO   HOU 

100Ü CONTINUL 

IJ= 1J41 
liFORts li; 
00  TO  UÜO 

T  GONTlNUt 
IF ( odJ) .fJL. u. i  oo ro oui 

LI0N<1<«)=  'J7,U0U/ 
KtTOHN 
tlONd«*)    IS   SLT   IF   A  NlfUtl)   lOfU/AriOIJ  ('«THJTIAL   WA'j   /I «0 

.'fK.O 

bOl CONTINUE 
12S 
UF'ORL= 
^UAK1= 
L0= 
00 TO 9 

l^ roNTINUL 
L0= 
l»FOML = 

9 C0NTINUL 
TLMS(27): 

IUMNT 

U(I1) 
2 

tXH< TLMSCj)- LMUJ/THLTA ) 
00 TO ( 9,5» 94) » LÜ 

93 CONTINUL 
IF<ZbHMlN(l).LT.l.i:-lö) lUHMlHUis   l.t-lfl 

IF(TLMiJ(27).Lt,(ZtJKMIM(l)*»2) ) GO TO  7,i 
^URMIN(l) IS THE MINIMUM ALLOWf0 7HAH 

ALPHA:   TUMS(2V) 
9b CONTINUt 

XbARr.      ,b* (-ALHHA+SUHTlALf'HAtftLF'MA^U.tTLMStPT))) 
^BAR1=   XÜAH 

IF <Lü.L0.2) /ÜAH1 = /DARl ♦ Udl) - 1. 
1F(/1)AH1 .&T, /MLAN) 00 TO 9H 
00 TO li 

91* CONTINUt 
^{TLMS(*;7).0T.l.t.(.) 00 TO ii 
A-_PHA=   TLMS(27)*U(I1) - 1. 
00 TO 9b 

7b CONTINUE 
PERFECT GAS HATH 
SNAFU= 0, 

99 CONTINUE 
SIGMA= 0. 
^UARU 0. 
/BARS 0. 
OAMMA= 0. 

M', ?V»(I 
MS ;'b».(i 
*, ;")7n 

mi y:-m 
M', iX'iTd 
M*i ?».Mfl 

MS -"I'MI 

;■.'> 27*9 
M'j ?7in 
MS ?7^() 
Mb 2 7.VI 
m 27U0 
Mb ?7bn 
Mb ?7t,0 
M'; 27 Tn 
Mb 27Hn 
Mb 2 7^0 
Mb P!f)nn 
Mb 201 n 
Mb 2020 
Mb 2«J0 
Mb 20UO 
Mb 20bO 
Mb 2Hf.O 
Mb 2H70 
Mb 2()H0 
Mb 2H9n 
Mb 2^00 
Mb 2910 
Mb 2920 
Mb 2930 
Mb 29U0 
Mb 29b0 
(lb 2960 
Mb 2970 
Mb 2900 
Mb 2990 
Mb 3000 
Mb 3010 
Mb 3020 
Mb 30 50 
Mb 3040 
Mb 3üb0 
Mb 3060 
Mb 3070 
Mb 30H0 
Mb 3090 
Mb 3100 
Mb 3110 
Mb 3120 
Mb 3130 
Mb 3140 
Mb 31b0 
Mb 3160 
Mb 3170 
Mb 31H0 
Mb 3190 
Mb 3200 
Mb 3210 
Mb 32P0 
Mb 3230 
Mb 3240 
Mb 32b0 
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Lü= 
v>ü   TO   7J 

l»(t  CONTINUI 
bNAFUr 
OÜ  TO  yy 

(I, 
•'tll/NIIAU 

/!)AI<1 

c 
C 
c 

UOU  CONT1NUL 
TUMS(<»)=     l^ 
TLMS(13)=   U(lJ)-UUi-l) 
TUMS(11)=   TLMS(<«)   -1,'j 
TLM5(12)=   THLTA/riMiiJj) 
TLMS(17)=   TUMb(ll)   ■• (TMl TA*fl M',(:,)-|J( |.^-n)/1l M',(1 M 
TLMS(19)=   TLM'jd/)   -tLM'.d?)*/! N(I?-1» 
TLMSCiMj):   3.»Tl.MS.(U)   -ILMSdV)   ^.♦TLM.d/') 
TLMS(21)=   TLMS(U)   -TLMSd9) 

bACKl= 
UACK^z 

XALFAl^ 
^ 

0. 
0. 

TLM'jC^l))) 

^tlARl: TLMS(n)   +XALfAl 

C 
f. 

lUU   CONTlNUt 
IKIb.t-T.iy)   00   TO   1200 
()ACK2S HACKl 
ÜACK1= 2bAHl 

C 
C 

TLMS(23)=   XALFAl/(?.*TLM;i<U)   »XALFAD 
TLM5(2<»)=   TLMS<2J)*lLMS(aJ) 
TLMS(22) =   . t>066bt)fa7«TLMSd2> ♦ TLM'j (^ 5) ♦ TLHC.(lU) 
TLMS(2,J)=   TLMS(22)*.0*TLMb<2i*) 
TLMS(2t) = . 71<«2ö'J71 »TLM',(2<*) ♦ TLM'j(?b) 

C 
15= Ibd 
TLMS(18)= TLMS(22) ♦TLMS(2b) «TLMS(26) 

C 
XALFA1= (-TLMS (21) -TLfcS (1(J) ) / (1. ♦TLMS (12 ) / ( XALr A 1 * , ',♦ Tl MS (11))) 
^dARl= TLMS(11)   ♦XAL^A1 
1F(AUS(1.-»ACK1/^HAH1)   -Lf'SId))    1,100.UUU.IUO 

1200 CONTINUL 
SNAFU=    HACKI 
LOS       3 
ÜO TO 000 

U00 CONTINUL 
L0= 

ii  CONTINUL 
bNAFU= 

000 CONTINUL 
ZUAR= 
XI = 

3 

0. 

/ÜAH1 
(l./NBAR+^UAi< ) ♦(>»(! 

00 TO (71»71.72)»L0 
71 CONTINUL 

OAMMA:    XHAH»/UAR /(2.*XBAR^ALHHA) 
IF(ZUAH.tQ.Udl)) GAMMAS U. 
IF<?bAH.LO.U(ll)) XÜAH= 1. 

• M'. VMI 
t-y. y,' 70 
M', ,V"n 
M', J/"'n 
m> Mm 
M'. ^Mn 
m ^^,•l\ 
MS Hi» 
M?. $m* 
MS 33Sfl 
M'; j.V.n 
MS I37n 
MS SiACI 
Ml, »ft«« 
MS a««« 
MS Vl 1 (1 
MS iH?i) 
MS .5« JO 
MS .V40 
MS 3'tsn 
MS SI»')!) 
MS 3Sno 
M', 3S10 
MS 3S30 
MS 3SU0 
MS 3SS0 
MS 3Sf.O 
MS 3S/0 
1» , ss/'.n 
MS WJ^I 
MS 3O00 
MS 3610 
MS 3f>20 
MS 3630 
MS 3OS0 
MS 3(>b0 
MS 3670 
MS 3600 
MS 3690 
MS 3700 
MS 3710 
MS 3720 
MS 3730 
Ml, 37K0 
MS 37b0 
MS 37bC 
MS 3770 
Mb 37H0 
MS 3790 
MS 3800 
MS aHJ-O 
MS 3fl]S 
MS 3820 
MS 3830 
MS 381*0 
MS 38<«S 
MS 3850 
MS 3860 
MS 3870 
MS 3800 
MS 3890 
MS 3900 
MS 3910 
Mb 3920 
MS 3930 
MS 39U0 
MS 39b0 
MS 39b0 

127 

.... 



AF\VL-TR-66-108,  Vol 11 

'J1üMA= 
tHl = 
00  TO  7J 

XHAH     *   Ud.i)*!1!»! 
Ulli)   ♦   l.b   ♦   I KM A 

C 
c 

c 
c 

c 
c 
c 

c 
c 
c 

7<!   CONTINUL 
TLMS (30) =  TLM'j (1U)   -TLMS (1J > ♦ ( Tl M, (11)) ♦i;. ♦ TLMr, (l ;>) « Tl M'. (;>3)) 
UAMMA- THLTA   *   ZUAK     /   (TMITA   ^   ^HAK     ♦   TLMSddJ    ) 
CH1= TLMS(30)     ♦     l.'j  *   TIOA 
ilGMAS (<<:ilAR  -TLM'J(i4) + l.,1)«»H)*n.M'-J(l?)/?,*MHI 

^ ♦ udi-i  ) ♦ ( xi-rLMMMMPttn 

73 CONTlNUt 
Z(S»s    zam 

UZOTAUs 
ÜZOTHTs 
PKtSHRE 
UHDTHTs 
OPOTAUs 
DEDTAUs 
UEDTHTr 

C 

c 

GAMMA  /   TAU 
ÖAMMA*CHI   /TMITA/THUA 
XI   ♦  THhTA  /TAU 
PRt'jHR/   THLTA       4     MH1        ♦TlltlA/fAU  ♦   tVOTHT 
(   PHI *TIILTA     »ÜZUTAU  -   I'WLbHtO/TAU 
PHI »CHI   ♦  UZUfAU 
XI * I.b  ♦    PHI  ♦ CHI  ♦OZUTHT 

If- iLI0N(I4) ,Ea. 0. ) GO TO bOl 
EIONU«») MUST Ht SET NONZERO TO CALL THE MOLfcCUlAR t«M OF '.TATI 
EIONdM) IS TO BE SET FH FOUL ENTRY TO EJONFN ' 
IF (ILEMNT.EB.bJ GO TO bOO 

bOl CONTINUE 
SNOSPDs   TAU ♦ SURT (-DPUTAU ♦ DPOTHT ♦OPUTHT » THETA /OinTHT» 

ENERGTs   ENERGY+XI*THLTA*l.b+SIGMA 
GO TO «100»77»77.100). LO 

77 TLMS(1«*)= 0. 
lbs 12 . 1 

IF (Ift.Ea.O) GO TO 51 
UO 50 14- 1. 10 
JlS H*lH*l 
TuMStKOs TLMSd"*) ♦U(Jl) 

50 CONTINUE 
5i CONTINUE 

ENERGY: ENERGY ♦ TLMS d<») ♦PHI 

100 CONTINUE 
X3=      SNAFU 

1 CONTINUE 

EIONd<Us  0. 
RETURN 

150 CONTINUE 
EICNd<n=     97.0150 
RETURN 
SET EIONdt) IF THETA.LT.ZERO OH TAU.LT. l,E-30 

500 CONTINUE 
ENERGYs 
UEOTAUs 
UEOTHTs 
UPOTAUs 
ÜPUThf- 
GO H) bOi 

ENERGY«CARUN/(1) 
UEOTAU+CAHUN/ti) 
ÜE0THT*CARÜNZH*) 
OPOTAU*CARBNZ(hJ 
OPOTHT+CARBNiCb) 

M', i'tro 
MS tmm 
MS yw 
M') uoon 

m «010 
m 40?n 
My «030 
m •»OKD 
Mb UU'.f) 
m «Ohn 
Mb UÜ70 
M'j itOMfl 
Mb uo'jn 
Mb «ion 
Mb «no 
Mb «120 
Mb «130 
Mb «i«n 
Mb «150 
Mb «160 
Mb «170 
Mb «18P 
Mb «190 
Mb «200 
Mb «210 
Mb «220 
Mb «230 
Mb «2«0 
Mb «250 
Mb *200 
Mb ««270 
Mb «200 

Mb «300 
Mb «310 
Mb «320 
Mb «330 

Mb «3«0 
Mb «350 
Mb «360 
Mb «370 
Mb «3B0 
Mb «390 
Mb ««00 
Mb ««10 
Mb ««20 
Mb ««30 
Mb «««0 
Mb ««50 
Mb ««60 
Mb ««70 
Mb ««(10 
Mb ««90 
Mb «500 
Mb «510 
Mb «520 

Mb «5«0 
Mb «550 
Mb «560 
Mb «570 
Mb «580 
Mb «5<>0 
Mb «600 
Mb «610 
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c 
C t ***««*4* *« « * « t • * « • • l'/\|ll.     -',1-11, I  t I  t I  • I t I  • I t  • <  ( • • I  I  >  • 

fjUOIl   tOHTlNUt 
C 

111= MU) 
IF (Z(b) .01. CU( I [1)-.;)) )   i,i)    In   ..iilii 

C 
ou= ^{'.>) 
LA&= 01. 
0AL= OL   -H()rtT(L.AO) 
If (GAL.OT..1))   ri.'-   LAO   ».' 
lF(GAL.LL..b)    tl^=   LAt.   i I 
00   TO  bCi*IO 

C 
bull)   CONTlNUt 

112= /(Ü) 
C 

bOÜU   CONTlNUt. 
IIJ= III    -tllr'    +1 

C 
XI= »'HI»(l./l)((AI<   4/HAlO 
IF(II<!.tÜ.l)    00   TO   UÜ.M) 
IFdia.LU.ILLMNI)   00   10   (^UUO 

c 
TLMSU)--      II*: 
TLMr.(13)=   Uillt)   -ÜUI.V11 
bIGMA= ((<1MAH     -U.MS('t)    i 1 .'.)»».•) HI   i',( | ,',)/;■, ♦I'MI    i 

^ U(IIJ-1)*(XI    -tl M'-(l4) M'llI) 
00  TO  büoO 

c 
O05Ü   CONTlNUt 

XBAR= <;bAH 
00   Tu   bObü 

C 
büUO   CONTINU 

XHAM= <?UAH   -Udll)   41 . 
C 
bü'jü   CONTINUL 

^IGMA: XltAH*U(lU)*f'hI 
C 

bübO   tONTINUh 
PKtSHI<=        XI*THtTA/TAU 
IF t (I'ATH.LO. (-•*.)) .AN1J. (iLFMMf.LG.^) )   Uiri<OY=   MtfUr.Y   »f At'M'l/(ll 

C 
b07()   CONTlNUt 

tNLROY=        l.i)»THtTA«XI   +'J1G|V1A   +INtH<'Y 
C 

TLMStlUlr   0. 
IFdia.tO.l)   00   TO  bUtlll 
IIb= IIÜ   -1 
00  bU7b   11«»=   lillb 
JJ1= III   fllU   +1 
TLMS(m)=   TLM'odi»)   ♦U(JJ1) ^ 

bU7b  CONTlNUt \ 
bUHU  CONTlNUt 

C 
tNERüY=       tNtRGY   < TLM'od'») »t'lll 

C 
V.NAFU= U. 
00 Tu 1ÜU 
CALL MAM1 
HtTUHN 

M'. 'Hi.'tl 

MS (Mi'MI 
MV '4',Hfl 

M', - iii.'.n 
M', 'MiMI 

M!< iK>7n 
M»i UfWKI 

M", 'U/'O 

MS i4?no 
M'.i u/in. 
MS mm 
M', i(7,MI 

M'j '4 7'Hi 

M'I <47sri 
MS ii7(,n 
M'j i4 77fi 
MS I471UI 

M', I4)"MI 
MJi i|»li|fl 

M'j UM 1(1 
M', 14(1^(1 

M«, unM) 
MS MHttO 
•is ort'ifl 
MS ur.f.n 
MS m\n) 
MS Hum 
MS «o'fn 
MS •4400 
MS '«91 n 
MS 149?0 

MS it «3n 
MS <4'J14 0 

MS (49S0 
MS «4960 
MS 14970 

MS I49MO 

MS 14990 
MS 5000 
MS OHIO 
MS 6020 
MS 'JOMI 

MS bOUO 
MS bosn 
MS bof.n 
MS 5070 
MS 5OM0 
MS 51U0 
MS 5090 
MS 5110 
MS Sli'O 
MS 51.50 
M!) 51140 

Ml, 5 ISO 
MS 51(i0 
MS hl70 
MS 51(10 
MS 5 I'M) 
MS 5200 
M< 5210 

MS 5220 
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WILT 

t 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

H>K    MULTI 
ÜUHRüUTlNL  UONX (XI»   X^»   Ml,   xJ   ) 

C 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

COULD  HY     LI W 
CODED DUKINü JUNL.iyob 

UCHALII 

LAST  COMCILLD  UT  G.   LAril JDMI    H, !>)(,(, 

-AIM   LfllMTICWJ   IT( MATIVI ♦•*♦♦ KATIONALE   -   THIU.L   ^TAW 
'JOLUTIOIJ 

01 
***** 

.TATt 

******** iUAR 
******** ZUAR 
******** ZUAH 
******** ZbAK 
******** ZBAH 

• LE. 
• LL. 
.LE. 
.LL. 
.LE. 

iUmiU  HtVtHTi, TO  I'LRFECT   OA'", ******„ 
jMklH  KLWLKTS To  MLUFECT   OA*", *♦*♦♦»», 
S  N  ,<LVr;HT'1 TO MLHflCT  CA1, *****,„ 
mwiU  HLVfHTU TO  miiftCt   CAS ******** 
itimiU  HiWLKtS TO KEWECT  GAS ******" 

Ä SÄüt; s; ^ i:z] z r ;;f
L ?=s s; i;::;;; 

COMMON/LMS/ LION(i'O) 
VAHIAULLS  (INPUT AND OUTI'UT) 

L0UIVALLNCt"(E10N(b).MMn (T I0N(6) .fSUM) 

EQUIVALENCE ^OWXl^i^S) S D)''^1W< W''nW*W' 
tdUI VALENCE (E ION (IhJ^ML AN) 
LaUIVALLNCE(LI0N(17)»NbAfO 

COMMON/LMbU/ U(l) 

AKKAY  FORMAT 

SS   Jb   JS   SS   JE'S.^   ™L   MKST   ^t^^   .A 
U<■ä,'T]4;T,A.M,-A,ITl.

M?N0T0N,    ^'CHLASING   ORDER, 1Tb   ION- 
UATION  POTENTIALS.   A  MAXIMUM  OF   2A   SUCH  ARE 
ALLOWED  ARRAY  ELEMENTS FROM  11(3)   THRU  U  /A^i) 
^rl0^!1?"  P0Tt-NT^LS  RfOUIRFD  HY   T.U    INPUT 
J.Vc'^v   yALVtS  MU,JT   ,,E   LÜflrlE(1-   HIGHER   POTEN- TlALb  MAY   UE   INPUT   Ab  ^CRO. 

«WT U^   AT0MIC   Nl'M,":',   0K   ™t   ■,FC0Mt'  fl.lMEtJT, 

nlitltl    IS   'JHL   AT0>*IC  »tt*8*«   Of"   THE   SrCOMO  FLIMHJT 
U(ZA4b)   bEGlNS   ITS   IONI/ATION POTrNTIAL   TAMU . 

CÜMMON/LMSC/ M(bi) 
DIMENblON 2(bl).PART(bl) 

OO'MI 
nnsn 
OOfiO 
00 7v 
OOMH 
OO'JO 

oun 
0120 
ouo 
oi<tn 
sMbo 
Clou 

OZ'dQ 
0230 
02(40 
02 bO 
0260 
0270 
02fl0 
0290 
0300 
0310 
0320 
0330 
03b0 
0360 
0370 

" 03H0 
0390 
0U00 
0410 
0*420 
0*430 
OUUO 
0*450 
0(460 
0<470 
0>4«0 
01490 
ObOO 
0510 
0b20 
0530 
0540 
0550 
0b60 
0b70 
ObfiO 
0b90 
Ohio 
0620 
0630 
06140 
0650 
0660 
0670 
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c 

c 

IllifUl 
LJUIVALLUCI. (Ml I I .tJOLMIjr) .    I  M .  ) . / (    I I , (  ■ ( .M . I A|  I M 1 I |H,|«|| 

tÜMMulJ/LWSf)/ TUMI. (KD 
C ILMI l>H«i<Y   '•!( It'll.I 

C 
C MATLML   IS   iNI'l'T   A:,   Ml 
C 

131 

(l?{MI 

(i 7 1(1 
LUUIVALLNCt(lLM'.( 11 .UAtt' 1 ) . ( II f   .(,") in/M  .    ) . ( II f,(7l .    I.AI | :|) HJm* 
LuUIVALLNCKXIIAIUli.MbltO ) lir)i, 
LUUIVALLNCL   ( TLMl,« »» . Al ) 07,,,, 
LUUIVALtNCLITLMSd.j» .i),'i TAU   1 n7M 
LuUIVALtNCF (TL'i',«!..) .Ii/l TnT ) I17M(, 

('(ion COMMON/LMSi /MAU.m. . ILt MhT . SMAM I. J 1 , |, , i s, I u . J'., I (.. 1 ; , Id , i ■., | m , .)| . 

LUUIVAUNCKLü.Jc!) 
UATA   MATtKL.lLIMNT.L,NAr(i,il,i,-',i3, pt, I'^f !(.. I /. I M, I". 11 ('.Jl . J,'..i \. 

ci      J«» Jb» Jl)/£;*0>0.. U"*!!/ 
tÜUIVALLNCt   (SIIA(-U,('AIII) „„,„ 
LUUIVAUNCL   (KWNJUMFM O,,,^ 
tQUIVALLNCt   d'i.UYI'Al.'.) OIUH 
INTEOtH   OYPA'JS (,„.,„ 
LUUIVALLNCL   UlUrMr') OM'in 

OM(,n 
()'J7ü 
(111(1(1 

n'.>7n 
(»••mi 

C 'JUAFU   IS   THL   INTLHIJAL   'JUIIHOUT INI    LIKK'H   IIA(.   UlL OO'IO 
C lb  COUNTS   ITLKATlüns niH)0 

C XJ   lb  SLT   TO  SNAHJ  UN   bUlWOUT INL   DOT n'«lri 
C                                        XJ   IS   SIT   VU   U.    U    NO   SUHKOUTIIJI    I.HDOKf.   Aid Idliiin (V'^O 
C                                                                               TO   (1ACK1    IF    Ifi,t»t.,?r)    (f'OUTItll. MM'.   THI (I'MO 
C                                       2UTH   1TIUATL   Of   ZllAlU   AS   ITS  ( IMAL   AfCWIH. IK'WI V( l(. Ill I'. O'^'lO 
C                                          CASt.   MAY   KLUUIHL   l-UHTHKH   INVI '.TldAT 1()IJ,    AS TNI     ITIKATKIl (I'tSO 
C                                       PKOCLOWL   KiAY   (IAVL   IK LN  O'.C ILLATOHY . ) (!'iön 
C 

C AHOVL   AMI.   DO  LOOI'  KUNNlNi.   HIIUCI'.   n|.'   .(KHP   Mn',. 
C                                        U   SPLCIFILS   Tl!t   LOCATION  01     TKl    AInMlf   MUMIifH. 09nfi 
C                                        l^   SMLCIMLS   TIU.   UHI'F«   lONl/AIJOM   IMIU X. 1001) 
C                                        li  SI'ECUILS   THL   LOCATION  Of-    Til!    UI'I'IK   IflMl/AT I (HI  CuTl M- 1010 
C                                               TIAL. 10^0 
C                                        lb   COUNTS   ITLKAIIONS 1(130 

10<I() 
COMMON/LMSLSN/TLMSHdS) lO'.o 
LQUIWALtNCL(LJNUTAUfTLMSt*(12) ). (UNUTMI. Tl.MSIU U) ) lOf.O 
LUUIVALtNCL(TLMSUiU) »OISNKu   ) 1070 

C 1UH0 
COMMON/LOSIN/LlONiJ(JU) 
UIMENSION tHSl(l) 
LUUIVALtNCC(Lf,SI (1) rl.IONlN( JO!    ) 
UATA   LPSI/.ÜU1/ 
UIMENSION  /UHMINd) 
LüUIVALLNCt.(<:HHMIN(l) .LIONlN(."M    ) 
UATA   2bMMIN/.001/ 
UIMENSION     KLSTEKd) 
tUUIVALLNCL     (KESTLK»   110NI|J( Ml) ) 
UATA       f-LSTEK/0./ 
CüMMON/LMSG/CAlUINmu! HOO 
UIMENSION MATKLLdl.JS) 
KtAL       MATHEL 

C 
C AHHAY   FOHMAT   IS  NO.   OF   LLLMLNTS.   SUCCI.S.IVI.   PA1KS   Of 
C (ATOMIC   NOS.»   ATOt,   NUMDLK   HUACTION)    IN  M(iii()T('M( 
C INCHLASINO  ÜKULK.       (TOM   LI^THY   CDNVI Nil Nfl    (>ril Y I 
C 

UIMFNS10N UYl   dd»   t Y2   (U),   DY.l   (d),   oY'l   (ill,   fWS   (d). 
2 ÜYb   (11)»   l)Y7   (11)»   l)Y(l   dd»   uY"   (id.   I'YIOdd» 
i UYlldD»   liYlüdl).   DYUIdl»   DYl'ldd.   I^YlS(ld 

C 
LUUIVALLNCL      (MAllüLd»!).   UY I d 1) 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
/» ^- 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

c 

c 

LUUIVALLNCt 
LUUIVALLNCt 
t^UIVALLNCt 
cUUIVALtNCt 
taUIVALtNCt 
tUUIVALENCE 
EQUIVALLNCt 
LQUlVALtNCt 
EQUIVALENCE. 
EQUIVALENCE 
EQUIVALENCE 
EQUIVALENCE 
EQUIVALENCE 
EQUIVALENCE 

(MAIKKL( 
(MA1KLL< 
(MATHEL( 
(MATHEL( 
(MATKEL( 
(MAfKEL! 
(MATHELC 
(MAim ( 
(MACK L( 
(MATKLL( 
(MATHLL( 
(MATRLL( 
(MATHEL( 
(MATREL( 

I» b). 
l.t,>r 
I f 7) • 
l»t )i 
It')), 
I.10) 
1'U) 
t>12)i 
l>lit, 
1 > 1'») > 

IIY.M I I ) 
DY.Ml) » 
liYU(ll) 
DY'.d) I 
l)Yti(l)) 
UYMD) 
l)YH(l) ) 
UY'MI)) 
UY!U(I)) 
UYUIll) 
UYt2(n) 
UYIJ«!)» 
DYlUd)) 
liYl^( II) 

ARRAY   UY   N   IS  FOR   MATbKl    :   tlOIUNI 

♦ ♦*♦*♦»*»♦**♦♦* ♦^♦♦.♦♦♦f,Älll(l/\(    CQDf   uUMIItRS»»»«*«»»*»«1 ♦♦•♦»»♦♦♦« 
CALL  SEQUENCE   PAKAMMI K   1.   (RLSFf 

MATtPI. 
101 
102 
103 
10<t 
105 
10b 
107 
10« 
109 
110 
111 
112 
113 
114 
US CARl)ON-PHENOLIC(R.r.CMLAUG   A) 
lib 
117 
11» 

To  MAIEKL   IN Suiipont im )   I . 
SUII'.IANCL 
f-'Ol Y( TIIYLt I If 
All 
T( ILDM 
NYLOIJ-f'IK MCI If   * 
WET TUFF 
RLt-RASIL 
PHENOLIC   A 
LITHIUM  HVOPln». 
SALT 
MAONALIIIM 
H-M-X 
RRfRAOIL B 
PHENOLIC H 
REKRASIL C 
CARHON-PHENOLIC(R.ICHLAUG 
CARD INPUT MATERIAL 1 
CARÜ INPUT MATERIAL ? 
CARD INPUT MATERIAL 3 

lH2n 
IMMt 

2030 

CH2 
DATA  DY1/2.»1.» .6bbfthb6b7f 6.» .333333333« b*0./ 
AIR 
DATA 0Y2/3.»7.i .70HbS. 0.» .2107S« 18.» .00<47t <«*0./ 
TEFLON 
DATA  OY3/2.*b.» .333333333» 19.* .6bb60bb67. b*l>./ 
NYLON-PHENOLIC A 
DATA DY<»/<*.il.» .5b25» 6.» .3»«375» 7.» .0312S» P.. »miht   2»U,/ 
WET TUfF 
DATA  DYb/5.».c» .310» 8M .<l97t 13.» .(133* lH.t   .137» 19.• .023/ 
REFRAS1L 
DATA UYb/t.tl.» .2S» 6.. .Z'jt   a.,   ,3S» IH,,   .IS« Pto./ 
PHENOLIC A 
DATA  ÜY7/3.»1.» .i»S'»S«»S'«b5. b.» .USMSHSISS» fl.» .090"n90<M» h»*!!./ 
LITHIUM HYDRIDE 
DATA DY8/2.»1.» .S> 3.» .S» b*0./ 
SALT 
DATA  0Y9/2..U.» .b> 17.» .&• b*0./ 
i-:*cNA',i;w 
DAYA  U'ao/2.»12.» .3r 13.» .7» b*()./ 
H-M-X 
DATA     DY11/>».»1.»   .2US7l'»2flS»   h.»   .l'»2HS71*2.   7.»   i?M',7m,,f<S.   M.. 

<i .2H57m2äS»   2*Ut/ 
REFRASIL  U 
ÜATA  UV12/i».»l.. .1913b. b.» .23'»;'. *».» .3yn?f.. «'*.» .17')Ul»^«l)./ 
PHENOLIC U 
UATA  ÜY13/3.»!.. .■»!<»» O.» «bl7» 'I.» .il(.<»» '«Ml./ 
REFRASIL C 
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c 
c 
c 

c 
c 

c 
c 

c 
c 
c 
c 

c 
c 
c 

DATA  ÜYU/b.»l.» ,zmi,   b.» .007» 6.» .29?. H,i   »Sfcli IM.« ,13?/ 
CAHHON-PHCNOLIC (N. SCHLAUG A) 
ÜATA OYlb/J.'l.» .179» b.» .779» B.» .OH?, U+O./ 

LION«!*) IS SET IF E.IONX WAS CALLED WITH AN INVALIO MATfRIAL NO. 
OR IF READ-IN INPUT IS INCOKKECT 
OR IF A MATERIAL DATA STATEMENT WAS ALTERED INCORRFCTLY 
OR IF A NEEDED IONISATION POTENTIAL WAS FOUND TO HF ?rRO 
OR IF A NEEDED ELEMENT IS MISSING FROM THE MAPI DECK 
OR IF THETA(EV» WAS LESS THAN ZERO OR IF TAU(CC/G) WAS LISS THAN 
l.E-30 

PATH= X3 
NUAR= 1. 
THETAs Xi 
TAUs xa 
lF(THETA.LT.Ü..0R.T*Ü.LT.l.t-30> GO TO ISO 
IF(PATH.EQ.(-3.)) GO TO 6000 
IF (Ml .EO. M2 ) 60 ""i  91 
Ü0 503 Is 1,51 
Z(I)s    0. 
IFd.GT.lS) GO TO 503 
TLMSB(I)s  0. 

IF (I .GT. 10 ) GO TO bOJ 
CARBN2(l)s 0. 

»03 CONTINUE 
MATERLS  Ml 

MATERL NAMES THE MATEK!AL USED 
M2s      Ml 

IFCMATERL .LT. 101 ) GO TO 1 
ABOVE PATH FOR IONIC SINGLE ELEMENT MATERIAL 

IF (MATERL .LT. 201) 60 TO 2 
ABOVE PATH FOR IONIC MULTI-ELEMENT MATERIAL 

IF (MATERL .LT. 301 ) 60 TO 97 
IF (MATERL »Us 401 ) 60 TO 401 

MATERIAL NUMBERS FROM 301 TO 399 ARE TO DE USED FOR ISOTOPIC MIXES 
FOR SIN6LE ELEMENT MATERIALS ONLY 
SUCH ISOTOPIC MIXES ARE TO BE ENTERED AFTER THE PURE ELEMENT ENTRY 
IF SUCH EXISTS 

97 EION(li»)s 97.0097 
RETURN 
EION(U» IS SET IF EIONX WAS CALLED WITH AN INVALID MATERIAL NO. 

1 CONTINUE 
IF (MATERL.EO. 0) 60 TO 97 

ISOTOPS   1 
2(2)s    MATERL 

U02 CONTINUE 
THIS PATH FOR ANY SINGLL ELEMENT MATERIAL 
ILEMNT: 
NOLMNTs 
PARTJ3)s 

2(2) 
1 
1. 

1110 
1120 
1130 
1140 

1150 
1160 
1170 

1190 
1200 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 

13U0 

1360 
1370 
1380 
1390 
1100 
mo 
1420 
1430 
mo 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
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ÜU TO 11 

401 CüNTINUL 
ISOTOPS   <> 
Z(2)s     MATKHL- 
00 TO 1*02 

30(1 

It 
100 

♦ .'J 

CONTINUE 
L = MATtHL 
ILtMNTs   0 
IF(L .GT. lb) GU 1U W 
SÜMPKT = 0. 
NOLMNT = MATKCLdiL) 
DO 10 1=1»NOLMNT 
MM = 2*1 
£(10*1-8) 8 MATHLLIMMfU 
PART(lO*I-7) s MATHt.L(MMtl.U) 
SUMPRT = SUMPRT ♦ PAKT(10*1-7) 
C0NT1NUL 
IF(AUS(!>UMPKT-l.) .LL. (.01)) 00 TO 11 

bOb C0NT1NUL 
AN INTERNAL ÜATA STATl.Ml.NT KO» MATFKIAL PCOPfUTUT. 

WAS ALTEKtD INCOKKECTLT 
tION(l<») = 97.üaüb 
RETURN 

10 

50 CONTINUE 
IF(L .OT. 
1F(L 

IB) GO TO 97 
17) bBl»59»60 
PATH bfl FOR A FIRST MATERIAL USING REAh-IN IMI'DT 
(INPUT TO ilE ENTERED INTO THE EIONIN ARRAY IN 
FLOATING POINT FORM. NOLMNT TO ML ENTERED FIRST. 
THEN COME PAIRS OF ENTRIES FOR LACH ELFMLHT OF 
ATOMIC NUMl'EK AND NUMBER FRACTION IN ORDER OF 
INCREASING ATOMIC NUMUER.  FURTHER MATFRIALS STACK 
ON TOP.) 

b81 MOPSY = 0 
bOH  CONTINUE 

SUMPRT = 0. 
NOLMNT = EIüNlN(MOPSY*l) ♦.b 

IF(NOLMNT .GT. 5.0R.NOLMNT.LE.O) 00 TO bU2 
DO 501 1=1»NOLMNT 
MOPS I =    2M4MÜPSY 
^(10*1-0)= EIONIN(MOPSI) 
PART(10*I-7)SEION1N(MOPSI*1) 
SUMPRT = SUMPRT * PART(10*1-7) 

bOl CONTINUE 
1F(AÜS(SUMPRT-1.) .LE. (.01)) GO TO 11 

502 CONTINUE 
AN INPUT DATA MAS ENTERED INCORRECTLY 
EION(IU) = 97.0502 
RETURN 

59 CONTINUE 
PATH b9 FOR A SECOND MATERIAL USING REAP-IN INPUT. 
SEE PATH bB FOR INPUT INSTRUCTIONS. 

KRAZY S EIONIN(l) ♦ .5 
MOPSYs    2*KRAmi 
GO TO bO«» 

60 CONTINUE 
PATH bO FOR A TIUWU MATERIAL USING REAd-IN INPUT. 
SEE PATH b8 FOR INPUT INSTRUCTIONS. 

KRAZYs    LlONIN(l) *   .5 
KAT=      EI0NIN(?*KHAZY»2) ♦ .5 
MOPSY=     2*(KRAZY+KAT*1) 
GO TO SUt 

1730 
mo 
17'..0 
17h0 
1770 
I7nn 
17'sn 

lain 

mno 

HlbO 
niho 
4170 
41H0 
4190 
4200 
4210 

4230 

4240 
4250 
4260 
4270 
4280 
4290 

4300 

4320 
4330 

434C 

4360 
4370 
4380 
4390 
4400 
4410 
4420 
4430 
4440 
44S0 
4460 
4470 
44HQ 
4490 
4S00 
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c 
c 
c 
c 

HUH CONTINUL 
XSOTOHs 
00 TO UUi 

li CONTINUL 
C 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 
c 
c 
c 
c 
c 

THE FOLLOWING SECTION INStfUb INTO 1ML ITII.ETC. CCLl'. Ill Tilt 
M ARRAY THE LOCATION INDEX KOI! 1HE U AUUAY Of-' THAT LLI Ml HT WHOM 
ATOMIC NUMBEH WAS IN THE *>NU»ITC.. CELL Of   THI M AMIAV 
THE FACTOR  PHI  » WHICH IS A COMIUNATION Of- CONVII'MOII l-ACTOI'S 
AND WEIGHTED ATOMIC MASSES» lc,  ALSO COMI'OTru Ml HI 
THIS SECTION ALSO COMPUTES A MEAN ATOMIC NUMO CALLI It /MIAN 

TLMS<i)=  0. 
2MEAN=    0. 
DO 14  1= 1» NOLMNT 
11=      1 
NJUMPs    1 

12 IF  (U(I1).^'J.Z(10*1-H) ) Go TO  15 
HOi  CONTINUE 

11=      II + 2 + INT( Udl) *   .•>  i 
NJUMPS    NJUMP^l 

IF (NJUMP .LT. 201 I 00 10 12 
ElUNIltls 97.0012 
RE I URN 
EIONd«) IS SET IF A NEEDED ELEMENT HAS DELN LfFT OUT OF THt 
MARI DECK 

ii  CONTINUE 
IF ( ISOTOP .tO. 2 ) 00 TO 40*» 

MEANS     ZMLAN*PAI<T(lÜ*l-7)»tJ(Il) 
M(10*l-b)sll 
TLMSOIs  TLMS(3)+  PART(10*I-7) ♦ U(I1*1) 
TLMS(3) IS THE MEAN PARTICLE WEIGHT 

14 CONTINUE 
PHI=     9.b08679Ell/TLMSlJ) 

91 CONTINUE 

IF (PATH ,E0.(-1.) ) GO TO 100 

IF((MATERL.EQ.b.OR.MATERL.E0.30(>).AND.ElON(lin.NE.n.)CALL CMOl 
1(TAU»THETAfFESTER) 
FESTER IS EI0NIN(28) 
EI0N1N(28) MUST UE SET .LT. 0. UY INPUT TO GET 

TRANSLATION-ONLY CMOL 
EI0NlN(2a) MUST UE SET .OT, 0. TO GET NHAR .EO. Q. HHRN 

T (DEG. KELVIN) .LT. I'jOO. 
ElONd«») MUST UE SET NONZERO TO CALL THt MOLECULAR EON OF STATE 
CARBON RUNS USING EIONX AND CMOL MUST SET LCHCK(J*17) s S.')(t'jb6t) 1 

IF (CARUN2(8) .EG. 0. ) 00 TO 16 
tION(l«»)s CARBN2(0) 
RETURN 
EIONim) IS TO BE SET IUFORE ENTRY TO EIONFN 

lb CONTINUE 

IF ( MATERL.NE.1Ü2) GO TO 700 
IF ( THETA .GT. EIONdl) ) oO TO 700 
IF THETA.LE.EION(U) «WHICH WAS SET UtFOKE ENTPY TO UONFH) HLTIIRH 
TO A MOLECULAR AIR EUUATION OF STATE 

US 10 
IKMO 

•4 sun 
i»r>'.o 
'•sen 
•♦•>70 
tbnn 
i» 590 
4b00 
«♦».10 
«♦f>20 
4630 
4640 
46S0 
4660 
4670 
46110 
4690 
4700 
4710 
4720 
4730 
4740 
47')0 
4760 
4770 
4780 
4790 
4800 
4810 
4H20 
4830 
4840 
4850 
4860 
4870 

4880 
4890 
4900 
4910 
4920 
4930 
4940 
49S0 
4960 

4980 

4990 
SOOO 
5010 
5020 
5030 
5040 
5050 
5060 
5070 
5080 
5090 
5100 
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C UüNU<M   MU'jl   ItL   '..Li   WU/tUo   Ui  CAM     till    MuLI fill Al'   I u'l  el    MAII 
C tlüNU'»)   IS  10 ML  SL1   HllOla   tUWi   I« lldtlMJ 
C AiH  KUNS  UblNO  LIONHJ  MA)  »litt*.  MUM   M I   LCHCK U» 17»   Id   fltl' 
C Ulb'jüClAllON  LNLKbY   (AllOlll   r'.'»f:ll) 

MATEKLs ^^iü 
0Ü TO 100 

7UU CONTINUE 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

IF(MATtRL.NE.lOl)   &0  TO 9ij 
LIONCm)   MUST  HE  SET  N0N4vMU  10 CALL  TML  MOUCUI.AK  tOH f)l    '.TAfL 
tION<m)   IS  TO Ht  SET  Ulf-OHl   I MIKY   TO I lONHi 
THE  ESILMS  SUUHOUTINE   IS CALLLI)  K'lUHKVIK   THE  MOLFCUl Al'   'CKILS 

CHAKACTEHISTIC  Of-   CHi;  UTtOM'OSlTlON  Aht   itH ItVLM H'fMliT. 
TLMSb(l)=   .7i + .2U(»Ji*ALOO(lAU) 
CH2  RUNS USI^O  ESiLMS  AND E10MF3  MUST  HAVfc   LCHCKIJHM   s   'M.Jtll 
IF   (THtTA.LT,,207107*l./TLMSU(n.AND.   IHmilt)   .Nf..   U.X-ALI    I'.ILMf, 

92 CONTINUE 

IF   (PATH.LO.(-ü.))   (»0  10 90 

IF(PATH.EQ. (-<».>)   CO   TO  bOOU 

UO 93   I=ltNOLMNT 
/(10*1)=     0. 

93 CONTINUE 

WHEN ABOVE UO LOOP FINISHLS«M(t) SNOLMNT 

M(2) S 
M(12)s 
M(22)= 
M(32>= 
MC«»2»s 

Z  OF FIRST LLEMLNT 
Z OF 2MD ELEMENT 
Z  OF 3l<n ELEMENT 
7  OF <»TH ELEMENT 
Z OF 5TH fLKMENT 

Mi3) SNUMIJE« FRACTION OF 1ST ELEMENT 
M(13)=NUMHER FRACTION OF 2ND ELEMENT 
M(23)=NUMHER FRACTION OF 3RD ELEMENT 
Mt33)=NUMüER FRACTION OF i»TH ELEMENT 
M(<«3>=NUMUER FRACTION OF 5TH FLEMLNr 

M(<») =LOCATION OF Z 
M(l«t)=L0CAT10N OF Z 
M(2<»)=L0CATI0N OF Z 
M(3<»>=L0CAT10N OF Z 
M(<K*)sLOCATION OF Z 

OF FIRST ELEMENT 
OF 2ND ELEMENT 
OF 3MD ELEMENT 
OF «»TH CLEMENf 
OF STH TLFMENT 

THE VALUE OF ZUAK FOR EACH SPECIES PRESENT IS STORED IN THE STlU 
ETC.f ARRAY ELEMENTS AFTER IT IS COMPUTED. 

ZSUM1= 
/SUM2= 
ZSUM3= 
/UAR = 
ZUARLN= 
UACK1= 
15= 
UYPASSs 

TLMS<5)= 
21 CONTINUE 

TLMS(IO): 

0, 
1. 
0. 
0. 
0. 
0. 
1 
0 
SETS ITERATION COUNTER 

ALüe(TAU/PHIM1.5*AL0&(THETA)*22.99?l. 

THETA*(TLMS(5>-ZBARLN) 

Slid 

SI.Ml 
5110 
'»ISO 
S1A0 
SI 70 
S1H0 
SI 90 
sson 
S2iri 
S2?0 
S23n 
S210 
r)2bri 
S2H0 
S30" 
SJKl 
S320 
5330 

52(»0 
biHO 
5350 
5360 
5370 
53fl0 
5390 
5400 
5<*10 
5'»20 
bHiO 
5«H»0 
5<»50 
5»»60 
5470 
5*»no 
5490 
5500 
5510 
5520 
5530 
5540 
5550 
5560 
5570 
55/10 
5590 
5600 
5610 
5620 
5630 
5640 
5650 
5660 
5670 
5680 
5fc*0 
5700 
5710 
5720 
5730 
5740 
5750 
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C TLM'adU)   1U   TH1.   SrUTHLlIC   ('OUNTlAL  U'.f 0   III I OdAUUli', 
^^ oo 23 ISI.NOLMNT 

c 
c 
c 
c 

c 
r 

C 
C 
c 
c 
c 

Us M(lU*I-(>) 
ILtMNTs       Udl)   ♦   .ti 

AT  tNTHY.Hs   AKH^U  LOCATION  OK  Dl.bll'l 0  7=ATOMIf;  MO. 
IN THL UlZüO)   AKKAY 
NtXT   AKHAT  LLfMtNI   IS   TMK   ATOMIC   HUC4IT«   THI'i   IS  (OLLOWl 
BY   THE   Sf.T   OF   IONIZATIOH POrtNTfAL'i   (MONGTOMt    IIKH^ASNO) 

Ü  607 I2=1.1LLMNT 
lis i2+nn 
IF   (TLMS(IO).LI .U(IJ))   OÜ  TO  bOH 

607 CONTINUL 
IF   (   U(I3)   .NL.   0.)   00  TO (>01 

LI0N(1««)=     97.0607 
METUHN 

C fclON(lH)    IS  SfcT   U   A   NF.tULD   I0NI2ATI0N  I'OTINTIAl.   WAS  7f HO 
601  CONTINUL 

It» ILLMNT 
C 

IF ( IS .L8. 1 ) DACKl S U(I1) 
LOS       2 
60 TO 609 

C 
C 
C 

60b CONTINUL 
IF (I2.C0.1) GO TO biH 

C 
C 

620 TLMS(13)= U(I3)-U(IJ-I> 
TLMS(<0=  12 
LOS      3 
ZbARl=   TLMSU) - l.b ♦ (TLMS(IO)-U( 13-1) ) / TLM0(13) 
GO TO 6<tl 

C 
C 

96 CONTINUL 
IF ( NOLMNT .to. 1 > UACK1 ■ i.E-20 
XüARs    l.L-20 
^BARls   1.E-2Ü 
IF ( NOLMNT .tO. 1 ) 60 TO 90 
60 TO 641 

96 CONTINUL 
XBARs    1. 
2BAR1S   U(ll) 
60 TO 6m 

61« CONTINUL 
LOS      1 

609 CONTINUL 
I<»s      10*1 
IF I Z( I« J.tO.O.) U   IH   )s EXH(TLHS(b)-U(I3)/THLTA) 
2BRL0WS    (2BKNIN(1)*.1)**2 
IF(ZüRLOM.EQ.O.> ZUKLOHs l.t-30 
ZUHMIN(l) IS THE MINIMUM ALLOWED ZHAH 
IF (ZdUI.LT.ZHRLOW.ANU.LO.LO.l) GO TO 95 
IF (Z(m).GT.(l.E6>.ANÜ.Lü.L0.2) GO TO 96 
IF (Ib.tU.l .AND. LU.EQ.l) BACKls SORT (.!>*Z(  )) 
XUARs     ZIIUl/IZCmi+UACKl) 

11770 
?>7«n 
•)79n 
bOOO 
tmo 
5»420 
5«30 

„hn 
S060 
587(1 
5ÖH0 
t>090 
5900 
5910 
5920 
5930 
5940 
5950 
5960 
5970 
5900 
5990 
6000 
6010 
6020 
6030 
MHO 
6050 
6060 
6070 
60B0 
6090 
6100 
6110 
6120 
6130 
6100 
6150 
6160 
6170 
6180 
6190 
6200 
6210 
6220 
6230 
6240 
6250 
6260 
6270 
6200 
6290 
63U0 
6310 
6320 
6330 
6300 
6350 
6360 
6370 

6'*Ü0 
6010 
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muimmiuim mmmKmsmiMiasmMUi 

-aiARl= XIIMK 
If   (IZ.Nt.D ^UAKls   /BAKl    »   IMI1)-J, 

t)<4l   CONTINUE. 

16=       lü»I-7 
lb lb HAKT INDEX 

/UAR: /UAH+ HAHT(I(>) * ^OA«! 

bbü 

C 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

IF (BYPASSttU.O) 00 TO i;J 

bSUM=     0. 
IF Uü.tQ.l) 00 TO bo<« 
17=      U'l 
00  6b0 J1=1»I7 
18=       JIMtU 
tSUM=     EbUM ♦Utlü) 
CONTINUE 
CONTINUE 

Z(10^I-&)=2UAK1 

EttUIVALENCE(M(l>«£(l)) 
M('j) : IbT t I.EMENT MEAN IONIC CMAHOI. 
M(15)= ?N0 KltMENT MEAN IONIC CHAKGI. 
MtZ'j): 3HIJ EEEMtNT MEAN IONIC CMAUft 
M<3b>= HIU ELEMENT MrAN IONIC CHAIUH. 
M(<4b) = bTH ELEMENT MEAN IOMIC CHAWOK 

c 
c 

00 TO (bbO'fbbO»6bl)iLO 
ObO CONTINUE 

TLMS(<*)=     Xt)AH-XHAR*XliAK 
Z«10*1-<»)=TLMS(<*)/THLTA 
Z(10*1-3)=U(IJJ/THCTAtl.b 

Z(10»I+1)=XUAH *U(I3) 
ZSUM1=    ZSUMl+PAI<T(Ib)*Z(lü*I-'»)*^(10«I-3) 
ZSUM2=   ZSUM2*PART(I6)«XOAR/(Z(I<4)  ♦HACKl» 
ZSUM3=    ZSUM34PART(Ibl ♦ TLM5(<«)/TAU 
GO TO 6b3 

651 CONTINUE 
2(10*1-41=1./TLMb(13) 
Z(10*I-3)=TLMS<10)/THETA *l.<3 
Z(10*I-2)=TLM5<10) 
Z( 10*1*1 >=U( 13-1 I^CZUAKl-TLMbC^J+D + .b*   TLMS(13) 

2 TLM&C»)*!^)**^ 
ZSUMls ZSUMl*PAHT(Ib)*Z<lÜ*I-3)/TLMS(13l 
ZSUM2=   ZSUM2* PART(Ib) /  TLMS(13) »TMETA /PACKl 
ZSUM3=   ZSUM3* PART(Ib)/ ILMM13»»TMETA/TAU 

6b3 CONTINUE 
Z(10*I+l)=EbUM*Z(10*1+1) 

23 CONTINUE 
IFCZbAK .OT, ZMEAN) 00 TO 9H 

♦(/MAH1- 

IF I   AUSd.- BACK1/ZUAR)-EPSI(1).LE. U.» MVPASbs l+HYPAbb 
IFtBYPASb .CE. 2» GO TO HI 

30 CONTINUE 
IF ( lb ,61,   2 ) GO TO «0 

31 bACK2=    BACKI 
UACK1=    ZBAK 

b<«.V) 
OH HO 
fttt'jp 

oMt.n 
6M7n 
o'4no 
6*»90 
b'iOO 
bblO 
6b2n 
6')30 

6b6(J 
6070 
6bnn 
6b<»ü 
6600 
6(>10 
6620 
6630 
6(>lt0 
66bO 
66bO 
6b7ü 
6680 
6690 
6700 
6710 
6720 
6730 
6740 
67b0 
6760 
6770 
6780 
6790 
6800 
6010 
6820 
6830 
68l»0 
6850 
6860 
6870 
6880 
6890 
6900 
6910 
6920 
6930 
6940 
6950 
6960 
6970 
6980 
6990 
7000 

7010 
7020 
7030 

7050 
7060 
7070 
7080 
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c 
c 

c 
c 

c 
c 

lUARLNs       ALUO(^IIAK) 
ZiiAP.r 0. 
M  TO  21 

ii>  CONTINUE 
SNAFUS   ZUAK 
UYPASSs  2 
GO TO 31 

«U  CONTINUE 
IKZBAR.LT.ZHKMINd)    )   GU   TO  "(I 

ZUKMIN(l)    IS   THE   MINIMUM   ALLOWLU   /MAK 
EXIT   IF  ZöAH   10  TOO  SMALL 
TLMS(ll)=  ZUAH  -2.»   bACKl   ♦   HACK/ 
HOLDZs ZUAM 
TLMS(li>>=  ZbAH   -UACK1 
ZBAR- ZUAK   -(TLMbdc)**/)   /   TLMMU) 
AKJVE   IS  AITKEN5 DLL-SOUAHf    ITLKATION  CONVtKGrMCr    IMI'POVl Mf NT 
PROCEDURE 

IKCZbAR.Lt.O.J.OK.C/ilJAR.OT.ZMtAM) )   /HA«:.'.« (HOI n/+nACKl ) 
IFdb   .tiT.   lü)   dO   TO   J2 
60  TO   31 

9*  CONTINUE 
SNAFU=   ZBAR 
Ü0 TO 9H 

SO CONTINUE 
PERFECT OAS PATH 
SNAFU= 0. 

96 CONTINUE 
LO= •» 
ZliAR= 0. 
XI= PHI/NUAK 
UZDTHTr 0. 
UZOTAUs 0, 
GO TO »»3 

C 
c 

101 CONTINUE 
IF (THETA.GE..207107*1./TLMbHd)) GO TO HO 

LOW TEMPERATURE POLTETHYLENE PATH 
tNERGTs 
UEOTHTs 
ÜEDTAUr 
OPOTHTs 
OPOTAUs 
GO TO 60 

S00 CONTINUE 
ENERGYs 
UEOTAU= 
OEOTHTs 
UPOTAU= 
UPDTHTs 
GO TO 60 

ENERGY ♦ 01SNRG ♦ (TLMSUU)-!.) 
DEÜTHT ♦ ÜNDTHT*THETA« l.b *PHI ♦ ÜISNRG »TLPSIUll) 
OEUTAU ♦ ÜNDTAU*THETA* l.b *PHI*nlSNI»0*TLMSfU 10) 
OPÜTHT ♦ ÜNUTHT^THETA/ TAU*PHI 
DPDTAU ♦ ÜNDTAU*THETA/ TAU*PHI 

ENERGY+CARbNZd» 
UEDTAU4CARUNZ(3) 
L>EüTHT«CARUNZ(ii) 
UPDTAU^CARUNZCJ) 
üPDTHT*CARHNZ(b) 

«1 CONTINUE 
IF(ZBAR.LT.ZBRMINd) ) GO TO 90 

ZbRMINd) IS THE MINIMUM ALLOWED 2BAM 
EXIT IF ZBAR IS TOO SMALL 

«2 CONTINUE 
UZOTHTs  ZSUM1/ZSUM2 
UZOTAUs  ZSUH3/ZSUM2 
Xls       PHI*d./NBAR4ZbAI<) 

Hi  CONTINUE 

7U'>fi 
7100 
7110 
7120 
7130 
71<*0 

7170 
71 HO 

7210 
7220 
7230 
7240 
72Stl 
7260 

7290 
7300 

7310 
7320 
7330 
7380 

73<*0 
7350 
7360 
7370 
7390 
7<*00 
7*10 
7<»20 
7<«30 
7»H»0 
7«»S0 
7U60 
7<»70 
7<I80 
7'»90 
7b00 
7510 
7520 
7530 
7540 
7550 
7560 
7570 
75»0 
7590 
?600 

7630 
7640 
7650 
7660 
7670 
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t: 
c 

HU 

PKtSHK:        XI*TftTA/TAU 
Uf'UTHTr       fKLiMK/THLTA   •♦    fHLl A/I AUM)/l!TllT   ♦   IMH 
UPUTAUs        (   TIIETAmilMUUTALM'KLSMH   )   /   1 AM 
LNtROYs       l.lj*XI*THLrA 
UtDTHTs        l,b*tXl + TIILTA*ll/r)TtlT   ♦   f'MI) 
DtUTAUs       l.J)*THLTA*U2mAU*l,HI 

IF   (   tlONIl"»)   .tut.   0.   )   oO   TO   m 
tlONUt)   IS  TO  HL   SLT  MLf-UKL   ( MfKY   TO  I.IOHfll 
EI0N(14)   MUST   DE   SLT   NON^KHO  TO  CALL   THI.  MOLICULAM   (on  nf   MATT 

IF    (MATt«L.tO.«i.üK.MATLI<L.K0.30f))   00   TO   LJOO 
IF   (MATtHL.EU.101)   00   TO   UU 
CONTINUt 
1F(ZUAK   .LO.   U.)   00   TO   t>t>S) 
DO 6t>2   Is   l.NOLMNT 
lbs lü*I-7 
lb   1NUEXLS  PAKT  AHUAT 
<mo*i-i)=mo*i-tn* ( ^(10*1-3) 

()b9 

mo*i) = 
tNfcHOY= 
UEDTHTr 
UtUTAUs 
CONTINUE 
CONTINUE 
ARGSO= 
1F(AHOSU.OT.O.) 
IF(SNAFU.LQ.O,) 

TlttTA//rtAH*ri70TMT) 
/(lü*I-<t)   *THLTA   ♦   (   l./TAU   -  D/DTAH/^nAf) 
ENEHOY^f'AKTd*.) ♦PHI*/(10*14 1) 
ÜLUTHT+PAKT(lb)»PHIt7{10*I-^).i(10*1-1) 
OEUTAU+PAKT(It.)*PHl*^(10*l-;''*/(lU*I) 

ÜPUTAU  +UPOTHT*DPOTHT*THnA/l)M)THT 
00   TO   lbb9 
SNAFU=   AU0.5U 

AKOSü= 
lbb9 CONTINUE 

SNt)SPU= 

b70 

100 

C 
C 

CONTINUt 
Xi= 
CONTINUE 
tlONdH): 

KtTUHN 

0. 

TAU*SQHT(AKOS(j) 

SNAFU 

150 CONTINUE 
LI0N<1<*) 
KETUKN 
SET EIONdl) 

97.01S0 

IF THCTA.LT.^EHO OR TAU.LT. l.E-.^n 

SPECIAL PATH ♦♦*♦•♦♦»♦♦*•♦♦»♦•♦•♦ 
PATH= -i'     ♦**•♦•♦*♦♦♦♦♦♦*♦**♦♦♦« 

C 
c 
c 
c********************* 
c********************* 
c 
6000 CONTINUE 

UO 6010 11= 1»N0LMNT 
lli=      M(10*II-6) 

C 
IF(Z(10*II-b).6T.(U(IIl)-.5)) GO TO 60n'j 
öL=      ZUO*II-'j) 
LAG=     6L 
GALs     GL -FLOAT(LAO) 
IF(eAL.faT..,j) II2s LAG *Z 
IF(GAL.LE.35) 112= LAG •> 1 
GO TO 6007 

bOOb CONTINUE 
112=      Z(10*II-H) 

C 
6007 CONTINUE 

113= 
C 

tSUM= 

112 «III *l 

0. 
IFdlÜ.EU.l)   GO  TO  faUbO 
117= 112  -I 
UO 60S0  JJ1=   1.II7 

7f.no 
7(.,tn 
7700 
7710 
7720 
77 JO 
771(0 
77,)n 
77M1 
77 m 
77MP 
77I0 
7Hnn 
7« in 
7«?n 
7H30 
7«U0 
7fl,.n 
7Hbn 
7070 
7«H0 
7flon 
7<»00 

7920 

7930 
79<*0 
79bO 
79b0 
7970 
79R0 
7990 
SOOO 
»010 
6020 

BOHO 
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Hör JJi  ♦III ♦! 
LSUM=    tSUM +0(110) 

bUbi) CONTINUE 
(JUOO CONTlNUt 

IF(Z(10»n-t)).LE..b) üO Tu oHKl 
IF(2(lÜ*Il-b).GT.(U(lIl)    -.'il) '•<) ri) t.110 
60 TO bl3ü 

blüO CONTINUE 
KbARs    2(10*I1-1>) 
GO TO 6120 

611U CONTINUE 
XBARs Z(lü*II-*>)   -U(1I3)   ♦!« 

61<>U   CONTINUE 
mo*n+i)s XUAK*U(1U) 
GO  TO fal'+ü 

blJü   CONTINUE 
iBARl= 2(lU*U-b) 
TLMSU)=     FLOATdla) 
TLMS(13)=  UdU)   -U(U.Vl) 
2(10*11 + 1)=   U(IU-l) + (2liAH)   -TLMSd*)    +1.)    +.;J}TI.MS( ' ^)* (/I1AH1 

t TLM'JU)   +l.b)*+i; 
611+0   CONTINUE 

2{l0*n + l)=  2(10»II + 1)   +tiUM 
6010  CONTINUE 

61<*3  CONTINUE 
Ms 

PKESHHs 

ENEKOTr 

C 

C 

C 

PHl + d./.JUAH   +2UAK) 

XI+THtTA/lAU 

l.!j»XI*THETA 

IF (PATH.EO. (-3.))   00  TO  61'jü 
IF(MATEKL.E0.6.0K.MArERL.E0.3ü(>)   rMl.t'.OY=  mt.RCY   4CAm)H7(l) 
IF(MATEKL.EO.lOl)   GO   TO  6200 

61bO  CONTINUE 
UO 6160   11=   l.NOLMtn 
116=     10*11-7 
ENERGY=  ENERGY ♦PART(lIb)*PHl*Z(10*11+1) 

6160 CONTINUE 

•»NAFUs    0. 
GO TO 670 

6£00 CONTINUE 
IF(THETA.6E..207107+1./TLMSUd») GO TO ol5n 
ENCRGYs   ENERGY ♦01iiNRG*(TLM'jlt(**)-l.) 
GO TO blbU 
CALL MAR1 
RETURN 
END 

BObO 
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SECTION IV 

EQUATION OF STATE INVERSION FROM TEMPERATURE-DENSITY 

TO SPECIFIC ENERGY-DENSITY BY TABLE LOOK-UP 

4.1, INTRODUCTION 

In order to obtain solutions to the general equations for inviscid, 

compressible fluid flow with radiation and/or conduction energy transport 

mechanisms,  it is necessary to specify at least the following thermo- 

dynamic variables:   pressure, P; temperature, 6 ; specific internal energy, 

E; and density, p .    The equations which relate these four thermodynamic 

quantities are usually referred to as the equations of state.    If local thermo- 

dynamic equilibrium (LTE) is assumed, the equations for the thermo- 

dynamic variables can be completely specified by only two independent 

variables (e.g., temperature and density). 

Some computer programs use equations of state with 6 and p as the 

independent variables and others use E and p .    Comparison of problems 

calculated using both types of programs can be extremely difficult unless 

completely consistent representations are used.    The inversion of an equa- 

tion of state given in terms of the temperature and density to the (E, p) 

form is thus required.    For many materials of interest,  analytic  in- 

version from {6, p ) to (E, p ) is not a trivial matter. 

4.2. METHOD 

One method of inverting equations of state from (6 , p) space to (E, 

p ) space is to use a table look-up procedure to interpolate from one set of 

variables to the other.   In the scheme reported here a two step process is 

used to obtain the necessary conversion.   First, a table is generated from 

data given (or calculated) with 6 and p as independent variables.    This 
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table is punched on cardf in DATA STATEMENT form.   Second, these 

DATA STATEMENTS become part of a code which can be used as a sub- 

routine to determine the temperature and pressure given E, and n or 

r =11 p. 

The actual values of  6 and P are not tabulated.   Instead, the table 

entries have been chosen to be Z, the mean number of free electrons per 

atom, and £ n I where I is the internal energy due to ionization and excita- 

tion.    The quantities Z and In I are both rather weak functions of density 

and energy over most of their range, which gives rise to a minimum error 

when interpolating between table entries. 

The other thermodynamic variables are easily expressed in terms 

Z and I.   In addition,  other material properties,  such as absorption coef- 

ficients, can be conveniently calculated from Z. 

The method of preparing the tables of Z and £n I is fairly straight- 

forward.    The range of E and T is determined by available data or as 

needed for a particular application.    The tabular entries are picked such 

that 

E     =E    •  1o
(m-1)/T 

m        Z 

r    = r     . lo^1)/8 

n        Z 

where E     = minimum value of E, 

T    = rainimum value of r , 

T - desired number of points per decade for E, 

S = desired number of points per decade for T , 

The values of Z and in I at the desired value of E and r are obtained from 

the existing (fl , p ) equation of state.    If interpolation is required,  the 

energy is forced to be within 0.1% of the desired value.    The values of  r 

and E at each point do not have to be saved. 
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For any arbitrary pair of values of (E, T )f the proper region on the 

table can easily be calculated.    Let 

N = {log10(T/rz) «S + 1) 

and 

M - (log10 {E/Ez) * T + 1) (103) 

and, let 

n = truncated value of N 

and 

m = truncated value of M. (104) 

Entries at (n, m), (n,  m + 1),  (n + 1, m), and (n Jr 1, m + 1) can then be 

used to obtain interpolated values for Z and In 1 at the desired value of 

(E,  7 ). 

4.3, PROGRAM GEST 

The program GEST generates a table of Z and In I for the values of 

E,   T  specified by input data.    If the minimum value of E is specified as 

zero by the input data, then the program will calculate E    as E   ( 9,7 ), 
Zi Zi    o      max 

where r is specified by input and 0   is chosen such that 
max        r '     c o 

0.2 0 
Z  (9   .   r        ) < -^—2 o       max V. 

where V   is the first ionization potential of the given material. 

To generate this table, an interpolation must be performed between 

an initial guess at a temperature 0* which will produce E1 and an unknown 

temperature 0 which will produce the desired value of E indicated by the 

input data.   Newton's method of linear interpolation is used repeatedly 

until a relative error of 0.1% is obtained between successive interpolations. 

Then the values of Z and I are obtained using the final value of 0.   If I is 

found to be less than 10"      ev, then I is set equal to 10  "    ev.   The 
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process is repeated for each value of E and  r specified.   Once the table 

of Z and In I is generated, the DATA STATEMENTS for the program E3T 

are punched.   (NOTE:   For punching DATA STATEMENTS on an IBM-7044, 

the IBM FORTRAN IV print and punch routine ECV must be used.) 

4-3.1. Input 

Cards 1 and 2 have a floating point field width of 10, and card 3 had 

an integer field width of 5. 

Card 1 

Card 2 

Card 3 

Mnemonic Comment 
  

Z Atomic number 

A Atomic mass number 

VI First ionization potential 

VZ Last ionization potential 

s Number of tabular pts. /decade 
of T 

T Number of tabular pts. /decade 
of E 

DN Number of decades of T 

DM Number of decades of E 

TAUZ Min. value of T in table 

IS 

Min. value of E in table.    If 
zero, program will calculate 
an EZ. 

Source of information used to 
generate table. 
(NOTE:   At this writing an IS of 
1 indicating the use of EIONX 
(see Section III) is the only 
option available.) 
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Card 3 
(Continued) 

Mnemonic 

II -18 

Comment 

Flags to indicate the use of a spe- 
cial treatment at the boundaries 
of the table.   If the flag is a 1, 
the calculation will stop when the 
region is entered.   If zero, the 
calculation will proceed with the 
available analytic equation in the 
general EOS program. 

Regions of the table as defined by II through IB: 

Et 

E 

E 

3 4 5 

max 
2 6 

Tiin 
1 8 7 

mm max 

4.3.2. Output 

The output appears in two forms:   printed output (for checking input 

data and the calculations of the table), and punched card output.    The 

punched cards are in DATA STATEMENT form for immediate placement 

into the program EST, which performs further equation of state calcula- 

tions from this data. 

4.4. PROGRAM EST 

The program EST performs a two-dimensional linear interpolation 

within the limits of the table supplied it by the program GEST.    If a region 

is entered which is outside the limits of the table, the calculation will 

either stop or gö to an analytic solution which is based on the values of the 

table at the boundary. 
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Within the limits of the table, Eq».  (103) and (104) are used to find 

indices (as functions of E and T) for use in an interpolation formula to find 

Z and in I.    The interpolation formula used is as follows: 

Z(E, T) = Z + (Z     .        -Z        ) Dl + (Z , -Z        ) D2 
n,m n+l,m        n.m' x   n,m+l        n,m' 

+ (z  ^i       Li 
+ Z - Z     ,        - Z ,) Dl x D2        (105) n+l,m+l        n,m        n+l,m        n.m+l' v       ' 

where 

Dl = N - n and D2 = M m (106) 

The interpolation used to obtain in I is performed in the same manner as 

for Z by replacing Z with in I in Eq. (105). The quantity I is then evalu- 

ated as exp(in I). 

At this writing only regions 7 and 8 referred to in Section 4.3.1 have 

been supplied with analytic solutions.    These solutions are based on using 

a crude approximation to the Saha equation.    For 0 »   I the value of Z 

is proportional to 
- V       I II 

(107) 

where V   is the first ionization potential of the material being described. 

rom 

3/2 

Therefore, given Z (E  , T   ) from the table boundary, where E    = E     , 

Z (E, T ) 

Z(E      T  ) 
o      o 

exp (108) 

In both regions 7 and 8,   Ö1 is set to (E/E_)e    .    In region 8, 
Z     o 

T  = T«'  ö„ = *(*•-»i T ). and E<1- (108) can be written 

Z(E,  T) = Z(EZ,  T)|-^- 
3/4 

exp (109) 

For region 7,  T     = T on the boundary of the table,   0    = f(Er,,   T ), 
o        max 7 '     o Z*     max" 

and Eq. (108) is written • 
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Z(E,  T) = Z{E-,  T ). 
Z       max \ T 

For both regions 7 and 8, the value for I is approximated as Z times Vj. 
The temperature and pressure are obtained, given Z and I, from the 

relations 

where 

0   =(E/<p - I) / [ 1.5(1 +Z)| 

<P = 9.648679 x 1011/A 

P = <M1 +Z) 0/T 

(111) 

Section 4. 5 contains the mnemonics used for both GEST and EST. 

Section 4.6 contains a listing of GEST and EST and an error routine, ERR, 

used by GEST.   EST also includes a list of the DATA STATEMENTS pro- 

duced by the program GEST.    E,   T,  and P are  in cgs units,   and    -«•«» 

Ö and I are in ev. 

4.5. APPENDIX:   MNEMONICS FOR GEST AND EST 

A 

AIN 

ALGE 

ALGT 

ALIN 

DLGE 

DLGT 

DMLE 

DNLT 

E 

* 

I, in ev 

log10E 

lo*io T 

inl 

log10 (E/E0) 

log10(T/T0) 

AE above position n, m in table 

AT above position n, m in table 

Specific internal energy 

EILN1D     Array of in I 

EL tog,« E e10 

J'See input for GEST 
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EM 

EMAX 

EMIN 

EZ 

1 

11-18 

IS 

M 

N 

PHI 

T 

T 

TAUL 

TAUM 

TAUZ 

Max value of E for table 

Value of E used in interpolation 

Value of E used in interpolation 

« 

Ionisation energy 

* 

« 

Index for table entries 

Index for table entries 

<P (see Eq. (Ill)) 

* 

Specific volume 

B10 

'i, i^'i    ^> 

Max value of T for table 

* 

THETA 0   (temperature in ev) 

THMAX B max used in interpolation 

THMIN 6 min used in interpolation 

VI * 

VF * 

Z * 

ZBAR Z.mean number of free electrons 

ZBID Array of ZBAR 

*See input for GEST 
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4.6.    APPENDIX:  LISTING OF GEST AND EST 

ui 
c 
c 

FOK  6tST/A. KST/MfU« GEST/Hl 
GENtHATt EöUATION OF STATE TABLES 

' 

C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

UlMtNSION    THErA(!>0,50).CAMD(l<O 
ÜIMLNS10N   TAUL(50».TAU(50)^EL(50).t(50>.^BlD(^500»»EILNlOI2500» 
COMMON/LMS/ tION(20) 
COMMON/LHSU/       TLMS(16) 
EXPT(U)SEXP(2.30^6*U) 

i FUKMAT  (l2Ab) 
REAÜ (b»i)  (CAKU(I)» I I i,   12) 
WHITE (fail)  (CAHOm. I £ 1. 12) 

9000 KOnMAT (7F10.b) 
9001 FORMAT (mib) 
9002 FOHMAT(IX»1P7E10.<*) 
9003 FORMAT(faXl«»H DIMENSION 2B( I2,1H. I2»7H) .EIS.N(I2»1H»12.1H)) 
9004 F0RMAT(faX35H EQUIVALENCE (ZB»ZB1». «EILN.EILND ) 
900b FORMAT(bXIl.fa(lPlElÜ.3»lHi)) 
9006 F0RM/»T(bX2<*H DATA TAULZ.ti.Z.S.TfPHI/ ) 
9007 F0RMAT(6X36H DATA NN.MM» U. 12.13.1«>» Ib»Ifa. I7»I8/ .) 
900B FORMAT(bXIl.lH/) 
9009 FORMAT(6X16HC0MM0N/tST/EILN(I2.1H) ) 
9010 FORMAT UH EL) 
9011 FORMAT (6H  TAUL) 
9012 FORMAT (faH ZBAR) 
9013 FORMAT (7H THETA) 
901* FORMAT<bXIl.lPlE10.3.b(lH.lPlE10.3).lH/) 
901b FORMATCfaX.BH DATA ZUIZtlH/) 
9016 F0RMAT(6Xli*H C0MM0N/EST/ZBI2.1H(I2.1H) ) 
9017 FORMAT(bH tILN» 
901Ö F0RMAT(bX28H DATA TAUM.EM.TAUZ.EZfVl.VZ/)  ' 
9019 F0RMAT(bXll.9(I3.1H.).I3.1H/) 
9020 FORMAT(6X11H DATA E1LN/) 
9021 FORMAT(bX10H DATA EILNI2.1H/) 
9022 F0RMAT(faX16H CüMMON/EST/ElLNI2.1H(12.1H) ) 
9031 F0RMAT(bXIl.lPlE10.3.1H/) 
9032 FORMAT(bXIl.lPlE10.3.  1H.1P1E10.3 .1H/) 
9033 FORMAT(bXIl.lPlE10,3.2(iH.lPlE10.3).lH/) 
9034 FORMAT(bXIl.lPlE10.3.3(lHflPlE10.3).lH/) 
9035 FORMATIbXIl.lPlE10.3.MlH.lPlE10.3).lH/) 
9036 FORHAT(bXIl.lPlE10.3.5(lH.lPlE10.3).lH/) 

:       READ AND STORE INPUT 
REAU(b.9000) Z.A.V1.VZ.S.T.ON.OM.TAUZ.EZ 
WRITE(6.9002) Z.A.Vl.VZ.S.T.ON.OM.TAUZ.EZ 
REAO(b.9ü01) IS.11.12.13.I«.15.16.17.IB 
HRITEfb.9001)IS.II.12.13.14.15.16.17.IB 

z -   
A 

VI 
VZ 
s 
T 

DN 
DM 

TAUZ 
EZ 
IS 

ATOMIC CHARGE NO. 
ATOMIC MASS NO. 
FIRST IONIZATION POTENTIAL 
LAST IONUATION POTENTIAL 
NO. OF TABULAR PTS/DECADE OF TAU 
NO. OF TABULAR PTS/OECADE OF E 
NO. OF DECADES OF TAU 
NO OF DECADES OF E 
MIN VALUE Of TAU IN TABLE 
MIN VALUE OF E  IN TABLE 
SOURCE USED FOR TABLE GENERATION 

= 1 USE EIONX 
II THRU IB FL^GS INDICATING TREATMENT AT BOUNDARIES OF TABLE 
IN = 1 STOP IF REGION IS ENTERED 

= 0 CALCULATE WITH AVAILABLE ANALYTIC EOS 
3 « •» • 5 

*   • 
E 2 *  * b 
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c I • tt ♦ T 
c TAU 

Lsi 
PHISV.6UÖ67VL11/A 
AMST«ÜM+1.0 
AN=S*ON*1.0 
NNSAN 

TAÜM=TAUZ*10.0**UN 
TAULdiSALOälC(TAUZ) 
ÜTAUL=1./S 
TAUCl) = TAU2 
IFtti,   Nt.O.) ÜO  TO 30 
THA = 1.1 
oo ^o   tsiiio 

10 THA s THA - .1 
CALL EIONX(THA»TAUM>L>0.) 
Sl = tlüHd*) 
IF(Sl.Nk.O.) CALL EHK(Sl) 
IF(EI0N(3).äT. .2 * THA/Vl) 60 TO 20 
L£  S EI0N(8) 
GO TO 30 

20 CONTINUE 
SI -  10.ZO 
CALL LKK(Sl) 

30 CONTINUE 
c fREPAKE TAÜLES OF SPECIFIC DENSITY AND ENERGY 
c IN REAL SPACE ANU IN LOG BASE 10.      .1 

DO bO I=2tNN                                  j 
TAUL(I)=TAUL(I-1)+0TAUL 
TAUd)=tXPT(TAUL(I))                         ' 

50 CONTINUE 
EM=E4:*10.0**OM                               I 
ELd)=AL0Glü(E2) 
0EL=1./T 
Ed) - tl 
Ü0 bO I=2>MM                                 1 
tL(I)=EL(I-l»+ÜEL 
Ed)sEXPT(EL(I)) 

60 CONTINUE 
WRITE (6»90ll) 
WRITE (b»9002) (TAUL(N)* N B l.NN) 
WRITE (b.9010) 
WRITE (b»90U2) (tL(M). M B l.MM) 

DETERMINE SOURCE OF EOS DATA 
GO TO d00»200»3UC»<*00)'IS 

100 CONTINUE 
00 I «»9 M=1»MM 
DO 1«I9 N=1»MN 
K=(M-1)*NN4'N 

INITIAL GUESS AT THE TEMPERATURE 
THMIN • THETA(N»M-1) 
THMAX = THETA(N-liM) 
IF(N.EQ.l) THMAX=E(M)/PHI 
IF( (N.EU.l).ANO.(M.GT.l) ) THMAX=3.«THETA(N»M-1) 
IF(M.EO.l) THMIN =l.E-3 
THETA(N»M> =THMIN 
DO 120 1=1»20 
CALL EIOHX(THMIN»TAU(N)»L>0.) 
SlSLIONd«) 
IFtSl.NE.O.) CALL EHR(Sl) 
tMlN=EION(a) 
CALL ElüNXlTHMAXrTAU(N)»L.O.) 
LMAXsEIOH(a) 
SlsEIONdt) 
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IFCSl.Nt.O.» CALL EKHCSH 
CALL tIOWXiTHETA(N.M).TAU(N)iL.O,) 

C  •    NEWTON'S 1NTEHPOLATION 

THfcTA<NiM)sTHtTA(N.MJ*(THMAX-THMIN)*(F(>IJ-EX0N(8)) 
1 /(LMAX-ENXN) 

Jclt
A?^I?N<2)"E<H,)  /E«M»«LE..00H fiO TO 130 

lF(tlON(ö>.LT.L(M)) THMINSTMETAJN.MJ 

l20«NTIISI!E6,,6T,t<M)) T^AX=™tT*^.M, 
S1S10.12U 
CALL tRR(Sl) 

130  CONTINUE 
C       ZUAR AND LION OBTAINED FMOM E10NX 

ZBlÜ(K»=tION(3) 
AEls(EION(8)-I.5*EIÜN(l»*TLMS<9))/PHI 
IF« AEI.LE. 1.E-X0) AEI=1.E-10 
EILNIU(K) =ALOeUEI) 

IW  CONTINUE 
C 200 C0N!IS5EVE0 F0H  FUTUKt S0URCES 0F E0S DATÄ 

300 CONTINUE 
•»00 CONTINUE 

C 

C 000 CONJISSE 0ATA STATEMENTS t™  ""«SRAM EST 
10=1 
PUNCH 9018 
PUNCH 9036.IÜ»TAUM.EM»TAUZ.EZ.V1.VZ 
PUNCH 9006 
PUNCH 9ü35.ID.TAUL(l»fEL(l>,S.T.PHI 
PUNCH 9007 

PUNCH 9{U9rIÜ»NN»MM»Il.I2.I3,I«»»I5»I6»17,la 
PUNCH 9U03.NN.MM.NN.MM »»•«•#XT#M 
PUNCH 90U4 
KM=NN*MM 
NMSKM 
lF(NN*MM.GT.5t) NM=bH 
PUNCH 9016»ID»NM 
PUNCH 9015»ID 
ICNT=0 
DO b'*9 X=l.KM.fe 
I6=I*b 
ICNT=ICNT*1 
IP=1 
IF(<I6.LT.KM).OR.(ICNT.E0.10) ) GO TO 539 

KISKM-I+1 
60 TO «5.11 »!>32.533. W4.535) »KI 

531 PUNCH 9031.ICNT»CZB1ÜIK)»KSIP,I6) 
60 TO 5Hti 

532 PUNCH 9032,ICNTf(2B10(K).X=IP,I6) 
60 TO 5<»tt    . 

533 PUNCH 9033.ICNT»(ZB1D(K).KSIP.I6) 
60 TO bUH 

53» PUNCH 9Ü3<».ICNT»IZB1DCK)»KSIP,I6» 
60 70 548 

535 PUNCH 9035.ICNT»IZB1Ü(K>.K=IP,16  ) 
60 TO 5*6 

539 IF(ICNT.LT.IO) 60 TO 5*»0 
IU=ID^1 
NMS5* 
IFUIU  )«5H.6T.KM> NM=KM-(ID-1I«5» 
PUNCH 9Ü16.ID«NM 
PUNCH 9015*ID 
ICNTS1 

■ 
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bUti 
5«*9 

560 

561 

562 

563 

56« 

Me 

570 

580 

585 
598 
599 

600 

700 

01 

3 

ai 

IMIb.faT.KM) eo TO 530 
bO TO 5<»5 
IFUCNT.hie.y) GO TO 545 
HUNCH 9ü.i6»iCNT#UaiÜ(K).K=l.I6) 
bO TO bUU 
PUNCH 9n05»ICNT.(ZUiü(K».Ksl,l6) 
CONTINUb 
CONTINUt 
NM.-KM 
1K1NN»MM.GT.5I») NMsbU 
lUsi 
PUNCH 9022»1U>NM 
PUNCH 9ü«Ji»lP 
1CNT =0 
UO 599 1=1,KM,b 
I6S14-5 
1CNT=ICNT*1 
IP=1 
1FMI6.LT.KM).OK.(ICNT.E0.10) ) 80 TO 570 
I6=KM 
KlSKM-1+l 
60 TO (bbl,i>62,!>t)3,bbtt,56b),KI 
PUNCH 9031,ICNT,(E1LN1D(K)»K=1P.I6) 
60 TO 59ö 
PUNCH 9032,ICNT.(EILN1D(K>»K=1P.16) 
GO  TO  S9tt 
PwNCH 9033,ICNT,(E1LN1D(K).K=IP,I6) 
GO TO S9ö 
PUNCH 90J«»,ICNT.(EILN1D(K).K=IP.I6> 
GO TO 59a 
PUNCH 9035.ICNT.(EILNID(K)»K=iP.16) 
GO TO 596 
IF(ICNT.LT.IO) 60 TO 580 
10=10*1 
msbH 
IFUIO     >*5«».GT.KM) NM=KM-(1D-1)*5«» 
PUNCH 9U22,I0*NM 
PUWCH 9021,10 
1CNT=1 
1F(16.GT.KM) GO TO 560 
GO TO 585 
IFdCNT.NE.V) GO TO 565 
PUNCH 9036»ICNT»(EILN1D<K).K=I»16) 
GO TO 598 
PUNCH 9005»ICNT.(EILN1D(K).K=I.16) 
CONTINUE 
CONTINUE 

tDIT PRINTS 
CONTINUE 
MRITE (6»9012) 
WRITE«6,9002) (ZU1D(K)»K=1,KM) 
WRITE(6»9017) 
WR1T£(6»9002) (ElLNlOtK)»K=1,KM) 
WRITE (6,9013) 
WRITE (6*9002) ((THETA(N,M). N =  1,NN), M 3 l.MM) 
CONTINUE 
CALL EXIT 
END 
FOR  EKR/A» ERR/RSE1» ERR/R1 
SUBROUTINE ERR(51) 

FORMAT (OH ml  = F10.*») 
WRITE(6»3) SI 
CALL EXIT 
END 
FOR LIBEX» LIBEX/FJ 

. 
■ 
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iUUKOUTlNE  LIUt.X(TAUrE 
COMMON HW) 
LUUIVALLNCE: (/(9u)»bi) 

C«****PLACE DATA ÜTATLMENTS 
ÜATA TAUM.tM»TAUZ.E<;» 

1 5.UÜ0L+1Ü» l.t)BiE*l^» 
UATA TAULZ.LU<:»i»T.HM 

1 -1.J01E+U»  9.2, 
DATA NN»MM,Urli»Ii,l 

1 25. 25),  1,  l,  i, 
DIMENSION ZU(2ä,25)*E 
EoumutNct (<:B,ZUI)C 
COMMON/tST/<:b Kb«») 
UATA Zb 1/ 
2.2ü0t-i0, d.yi2E-lU, 
b.yb7t-U9» 1.237E-Ut>r 
2.2Ü0E-Ü7,   3.911E-U7, 

»THA,P,ZHÄKrGü) 

PRODUCED  UV  PKOßRAM  6EST  HF RE     **♦♦*• 
VI,VZ/ 
^.OOOE-02,   1.5fl3f>09,   7.9H0E+0Ü.   l.l?bF+03/ 

2.000E4-0,     ü.nOüE+O»     b.?«H»t+9/ 
•»•lb, lb» 17,18/ 
1*     1'     It     0,     0/ 
ILN(2b,2S) 

<EILN,EILN1) 

Ü.V3ÜE-U6, 1.22yE-Ub» 
1.957E-U'*, i.yilE-UÖ, 
b.VbbE-U7, 1.2J7E-Ub, 
2.1öfE-Üb, i.öb.JE-Ub, 
b.b9itE-ü4, 9..,3^E-U«^, 
t.^bbE-uS, b.3ys*E-U3, 
COMMON/EST/Zb 2(b<0 
DATA Zf 2/ 
1.997E-üb,   a.bt^E-Ub. 

b.9b7E-10. 
2.20ÜE-ÜÖ, 
b.9bbE-07, 
2.17äE-05, 
6,9bfa£-tia, 
2.19t»E-0b» 
6.H03E-05, 
1.3Ö2E-03, 
2.001E-06, 

i.237E-09, 
J.yi2E-08, 
1.236E-06, 
3.82BE-05, 
1.237E-07, 
3.907E-06» 
1.IW9E-0I4, 
1.9n»*E-03, 
3.563E-06# 

2.2nOE-09, 
6.9S7E-08, 
2.197E-06, 
6.by»»E-05, 
2.200E-07, 
f..941E-06, 
2'.0b'»E-0U, 
2.722E-03, 
0.333E-06, 

3.912E-Ü9» 
1.237F-07, 
3.904E-Ü6, 
1.156E-Ü«»» 
3.911E-07, 
l.232E-0b, 
3.47bE-ü«», 
3.553E-03, 
1.12bE-ü5/ 

b.bfayE-üt,   9.331E-Ü«*, 
b.öyBE-ü3,   7.39<tE-U3, 

1 
2 
3 
*   1.529E~U2,   l.b7yE-Ü2, 
b  2.i:23E-U'*,   3,679E-ü'*, 
6 «♦.337E-U3,   6.13äE-U3, 
7 1.Ö20E-02»  2.ü7bE-U2, 
8 3.192t-ü2,   3.384E-02, 
9 l.iB9E-U3,   1.99oE-U3, 

COMMON/EST/ZU  3(5't) 
DATA  Zb  3/ 
1.416E-U2, 1.ÜÜ1E-Ü2, 
3.747E-Ü2, '♦.093E-U2, 
b.b35E-U2, b.772E-u2, 
3.b97E-ü3» 5.987E-U3, 
3.üblE-U2» 3.6abE-U2, 
6.H71E-U2, 6,927E-Ui, 
ö.7blE-U2,   9,0tlE-ü2, 

ß  7,936E-U3,   l,2blE-U2, 
9  5.399E-Ü2»  b.331E-02, 

COMMON/EST/Zb <t(5«f) 
DATA Zb 4/ 
l,ÜläE-Ul, 

6.26bE-0b# 
1.U99E-03, 
ö.9b3E-03, 
1.823E-02, 
b.b77E-0'», 
8.283E-03, 
2.3laE-02, 
3.b67E-02r 
3.2b4E-03, 

LlOUE-Oit, 
2.279E-03» 
1.U54E-02, 

.«♦.imE-OS', 
i.l24E-03, 
1.064E-02, 
2.bS2E-02, 
3.739E-02, 
5.096E-03, 

1.932E-04, 
3.2ö<tE-03» 
1.217E-02, 
7.149E-05, 
1.Ö07E-03, 
1.312E-02, 
2.7,76E-02, 
3.950E-04, 
7,Sb7E-03, 

3.3U2E-UU, 
«».i»BbE-ü3, 
1.37bE-U2» 
1.263E-0U, 
2S903E-03, 
1.566F-02, 
2.989E-U2, 
6.91BE-ütt, 
1.0bOF-02/ 

2.20ÜE-02« 
,«.tl9E-02. 
b.99*E-02, 
9.230E-03» 
«♦.29äE-02, 
7.349E-02, 
9.310E-02, 
l.ßb7E-02, 
7.220E-02, 

2.bniE-02, 
«♦.725E-02, 
b.2n3E-02, 
1.34BE-02, 
«♦.887E-02, 
7.7«»lE-02, 
9.5blE-C2, 
2.629E-02» 
8.D52E-02, 

2.995E-02, 
b.013E-02, 
b.399E-02, 
1.861E-02, 
5.^6E-02, 
8.103E-02, 
9.795E-02» 
3.501E-02, 
«.fl23E-D2, 

3.3B2F-(J2, 
b.283E-0&, 
2.21^-03, 
2.U4bF-02, 
5.981E-D2» 
B.439F-02, 
1.001E-01, 
**.U*6F-02, 
9.533E-Ü2/ 

1 l.Ülöt-Ul,   ,'1.U79E-U1, 
2 1.311E-Ü1,   i.S'+uE-ül» 
3 i.4a9t-ül, 2.üb2E-ü2, 
«♦ 8.<*bbE-u2, 9.ä2bE-ü2, 
t) i.blBE-ül» l.b97E-üi» 
b  1.69^-01»   i.93BE-Üi, 
7 2.ii2E-ül,   2.14ÜE-U1, 
8 l.*;23E-i»l»   1.421E-U1. 
9 2.177E-Ü1-   2.284E-Ü1, 

COMMON/EST/Zb  5(5H) 
DATA  ZU 5/ 
2.b7*t-Ül» 2.73iE-Ui, 
2.9br/E-ül, 2.9B3E-Ü1, 
i.b»»7E-ül, 1.93faE-01, 
3.Ü29E-UI,   3.17UE-0i, 

1.134E-01» 
1.379E-01» 
3.0bbE-02. 
1.110E-01. 
i.bböE-01, 
1.97yE-01, 
4.29lfE-02, 
1.6ÜbE-Dl, 
2.3B0E-Ü1, 

1.184t-01, 
1.410E-l)l, 
4.2blE-rj2, 
1.227E-01» 
1.733E-01, 
2.01bE-01, 
6.053E-02» 
1.772E-01, 
2.lf65E-01» 

1.230E-01, 
1.436E-01, 
5.bl3E-02, 
1.334E-01, 
1.792E-01, 
2.0blE-01, 
B.040E-02, 
1.922E-01, 
2.b'»2E-01, 

1.272E-01» 

7.047E-02, 
l.t31E-01, 
1.845E-01» 
2.0B3E-01, 
1.013E-01, 
2,Ob7E-01, 
2.612F-01/ 

.7G8E-Ü1, 3.782E-0i, 
4,ÜblE-Ul, 4.103E>ül# 
2.078E-'J1»   2.497E-U1» 

2.7a3E-01, 
3.01bE-01, 
2.207E-01, 
3.31UE-01» 
3.B50E-01, 
4.146E-01, 
2.B91E-01» 

2.B30E-01, 
7.700E-02, 
2.450E-01« 
3.42bE-01, 
3.911E-01, 
4.182E-01, 
3.250E-01, 

2.B73E-01, 
1.047E-01, 
2.bb7E-01, 

3.9fcb«r-ai» 
1.2W4E-01, 
3.b70E-01, 

2.913E-Ü1, 
1.34bE-01, 
Z.BB^E-Pl, 
3.624E-Ü1, 
ä*.01bE-01, 
].fe52E-01, 
3.BbaF-01, 

154 



AFWL-TR-66-108.  Vol II 

b *4.1UÜL-Ui» «♦.JloE-Ulr 
9  b.US^t-Ul»   b.l^ijE-Ul» 

COMMON/t-.ST/^U  blbH) 
DATA  ZU  b/ 

1 b.tUlL-Ul.   b.b3üE-01. 
2 2.H34t.-Ul.   3.U2UE-U1. 
3 b.J4bt-0i.   b.b2*te-Ul> 
4 ü.499t-Ul. b.faliL-Ul» 
S» 7.U2faL-Ul» 7.UÖ7E-Ü1» 
b 2.b29t-Ulf 3.39bE-Dl» 
7  b.b9aE-Ul»   6.9bUE-('l» 
6 U.117E-Uli Ö.2b2E-Ül» 
9   e.777E-ülr   btöblE-Ul» 

CüMMON/LST/iU  7(64) 
UATA  ZU  7/ 

i   9.1jbt.-ül»   3.b3JE-Ul. 
2 7.Ö9bt-üi>   Ö.VUUE-ül. 
3 9.929L-U1> 1.U12E ÜUt 
4 l.U7bE ÜUr l.UUbE UO» 
b 1.12UE UO. 1.12bE Uü. 
b 9.20bE~Ul» 9^913E-U1» 
7 l.X9bL UO. 1.220E UO« 
B 1.3U2E UO. 1.313E Uü« 
9 1.3bbE UO« 1.3bir UO« 

COMMON/tST/ZU 6(47) 
DATA ZU B/ 

1 l.ü4bt UO. 1.144E UU« 
2 1.422E UO« 1.4bJE UU. 
3 l.bbUL UO« l.b7bE UU« 
4 l.b28E UO« l.b3bE UU« 
b 1.149E UO. 1.29UE UU« 
b l.bBbE 00« J..73UE 00« 
7 l.tt72E UOf i.b9UE Uü. 
6 1.9'jöt. UO« 1..96ÜE tu. 

COMMON/tST/Zb 9(29) 
DATA ZU 9/ 

«t.bObE-Ol»   4.b7lE-01«   4.817E-01 
b.226E-Ol«   5.29I9E-01«   b.368E-01 

9.721E-1» 
1.9iaE+U« 
2.2iiE+U« 

2.4U1E+U. 

i.ü29L+0. 
2.1UUE+0. 
2.320L+0. 
2.39it.+0« 

CÜMM0l>J/t.ST/ZUlü(54) 
DATA  ZBIO/ 

2.1Ü3L+0. 
2.bö4t-t0« 
2.7b4t+0« 
2«B39E'fO> 
2.373t+0« 
3.ÜÜ3fc.-tO. 
3.223t+0« 
3.331L+0» 
2.büUt+0. 

CüMMON/tST/ZbU (b4) 
DATA  Zliil/ 
3.4biE+0« 
3.739E+0« 
3.ö7it*0« 
2.74bt+0« 
3.93Bb>0« 
4.3U1E+Ü. 
4.4bbt+0. 
2.780L+0. 
4.449t+0. 

COMMON/c:5T/ZU12 (54) 
DATA ZU12/ 

2.229E+0« 
2.b23E+Ü« 
2,772E+Ü« 
2.BbOE4-ü« 
2.bb0E+Ü« 
3.0b4E+U« 
3.246E+U. 
3«343E+Ü« 
2.B34E-t-U« 

3.b^7E'»-U« 
3.7uaE+ü« 
3.eö6E+U« 
3.0Ü2E+U. 
4.025E+U« 
4,337E+0» 
4<,4tl5E+U» 
3.2bbE+0. 
4.bb6£>0« 

5,b7bE-01« 
3.böHL-nl. 
b.ü5bE-01« 
b.71bt-0i« 
7.1+2E-01» 
'♦.174t-0l» 
7.272t-01« 
8.39UE-01. 
B.91BE-01« 

^.bllE-01« 
a.BlttE-01« 
1.Ü2BE CD« 
1.093E 00« 
4.b4ÜE-01« 
1.049E 00« 
1.241E 00. 
1.323E 00. 
1.367E 00« 

1.224E OU« 
lr4H0E 00« 
1.5BBE 00« 
l.b44E 00« 
1.402E 00« 
1.7bBE 00« 
1.907E 00« 
1.977E 00« 

1.216E+0. 
1.991E+0. 
2.239E+0. 
2.34ÖE+0. 
1.217E+0« 

2.331E+U. 
Z.656E+0. 
2.7ÜÜE+0» 
2.8b9E+0. 
2.681E+0« 
3.097E+0. 
3.266E+0« 
3.355E+0« 
3.0i9E+0« 

3.582E+Ü. 
3,793E+0f 
3.90ÜE+0« 
3.344E+Ü» 
4.09aE+0« 
4.369E+Ü. 
4.502E+0. 
3.627E+D» 
4.6blE+0« 

b.blbE-ni« 
4.117E-01« 
b.052E-01. 
b.aObE-Oln 
7.1tJ2E-01« 
4.923E-01« 
7.534E-01« 
8.5()4"-01« 
8.979E-01« 

b.b55E-01« 
9.1f>8t-01« 
1.04tE 00« 
l.IO'.E 00« 
5.919E-01. 
1.09bE 00« 
1.2591 00« 
1.332E 00« 
6.232E-01. 

1.289E 00« 
l.b04E 00« 
1.600E 00» 
1.650E 00« 
1.4g2E 00. 
1.799E 00« 
1.922E DO« 
1.90ÖE 00« 

1.4ibt:+0« 
2.051E+Q« 
2.263E+0« 
2.361E+0« 
1.497E+0» 

2.41üE+0f 
2.bB5E+0. 
2.80JE+0» 
l.bO5E+0« 
2.7B6E+0« 
3.13b£+0« 
3.28bE+0« 
3.366E+0» 
3.1fa4E+0« 

3.630E+0« 
3.815E+0. 
3.913E+0» 
3.b40E+0» 
4.1blE+0« 
4,397E+0« 
4.5iaE*0» 
3.9D9E+0» 
4.743E+0» 

5.654E-01 
4.b95E""01 
6.21BE-01 
6.687E-01 
7.239E-01 
b.b92E-01 
7.758E-0i 
n.b05E-01 
9.035E-01 

b.50lE~01 
9.4f,3E-01 
l.Ob^E 00 
1.100E 00 
7.244E-01 
lll3bE 00 
1.275E 00 
i.340E on 
7,bB3E-ül 

1.341E 00 
l.b25E 00 
1.Ü11E 00 
B.b92E-01 
1.5b9E 00 
1.BH7E 00 
1.935E 00 
1.993E 00/ 

l-bOOE+O 
2.100EtO 
?..284t + ü 
2.372E+0 
1.743E+0 

2.4fl5E+0 
2.711E-t-0 
2.817E+0 
1.Ü54E+0 
2.872E+0 
3.16nE+0 
3.301E+0 
1.B70E+0 
3.284E+D 

3.b72E+0 
3.836E+n 
3.925E+0 
3.7CbE+n 
4.214E+0 
4.422E+0 
4.532E+P 
4.130E+0 
4.812E+0 

4.94BE-01» 
5.427E-01/ 

l.WbSF-ül« 
5.017E-01« 
6.370F-Ö1» 
fi<:96OF-0J» 
7.281E-01» 
b.l39E-0l* 
7.950E-01» 
B.69br-(!1« 
9.n87F-01/ 

7.2&flE-01. 
9,714E-(;l« 
l.OboF on« 
1.114E 00. 
B.329F-I)1. 
1.16BE UO. 
1.2B9E 00. 
1.348F un« 
9.209E-01/ 

1.3HfaF. on« 
1.5«S!E 00 r 
l.f -fh 00» 
9.TW-01» 
1.&33E 00« 
l.BblE On« 
1.947E 00« 

1.71HE+0. 
2.143E+n. 
2.303E+0. 
2.3B2E+0» 
1,944E+0/ 

2'53nE+n« 
2.733E+0« 
2.82B£+n. 
2.143E-i-r)f 
2.943E+0. 
3.197E+0. 
3.317E+0. 
2.27flE+0« 
3.3B1E+0/ 

3.70Bt+n. 
3.854E+0« 
2.303E+D« 
3.Ö34E+0. 
4.2blE-»-0. 
4.445E+n. 
4.b45E+0» 
4.3Ü7E+0» 
4,ß72E+0/ 
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i 
2 
•J 
•♦ 
b 
b 
7 
8 
9 

*».92<»L*0» H.9i>9t.*Ui 
b.i3Qt*0t f.l&3E+ü» 
b.i'töL+O» J.307E+Ü» 
«».9üfat*0» 5.1"*bE*ü» 
b.bö2h+0» b.6^3E+ü. 
b.772t+0» b.79HE*Ü» 
b.ööUt + 0. b.e9<tE+'J. 
b.b26l.+U» b.bböE + ü» 
b.067t+0.      b,119E+U» 

CüMM0N/LST/m3(   9) 
DATA  Ztiii/ 

1 b,U)bt*Qf      6.3J4E+U. 
2 b.<t37t*0» 6,tb3E+U» 
COMMON/tST/LILN Kbl) 
UATA EILN i/ 

1-1.961E Üli-1,V61E Ul» 
2-l.b72t Ülr-l.bl^E Ui» 
J-1.32bE Ul»-1.26öE Ul» 
*-9,üü2L U0.-9.229E UU. 
5-6.461E U0»-m99E ül» 
fa-1.210E ül»-l.lb3E Ul» 
7~8.bb«»t U0»-6»Ü8<»E UU. 
8-b.393E Ü0»-«».921E 00» 
9-3.336E Ü0»-3.1«H»E 00» 

COMMON/EST/tILN 2(b'+) 
UATA EILN 2/ 

1-Ö»743E Ü0»-Ö.171E 00»' 
2-5../JSE Ü0»-«».699E 00»' 
3-3.übbE 00»-2.829E 00»' 
4-2,103E 00»-2.009E 00»- 
5-6,33'»E Ü0»-5.777E 00." 
6-3.363E 00»-3.ülfaE 00»- 
7-1,929t 00»-1.797E 00»- 
8-1.367E 00»-1.30aE 00»- 
9-i»,fab7E üO»-<t,l39E 00»- 

COMMON/tST/LILN 3(b'*) 
DATA EJ.LN 3/ 

1-2.179E Ü0.-1.939E 00»- 
2-l,207E OO.-l.lldE 00»- 
3-8.163E-0l»-7,7*»'»£-0l»- 
'»-3.b23E Ü0»-3.0,»ÜE 00»- 
b-l,Hü9E 0C:»-1.223E 00»- 
6-6.b0lE-ül»-b.921E-ül»- 
7-3.b83t-01»-3,2b7E-Ül»'- 
8-2I7b9F. 0Q»-2.303E 00»- 
9-a.«»12E-Ül»-b.öl9E-01» 

COMMON/EST/tILN «»(bt) 
DATA EILN <*/ 

l-2,0ö7E-ül»-l.U8tE-01» 
2 4.563E-U2»   7.246E-02» 
3 1.729E-U1»-1.80<*E 00» 
'♦-3i915E-üi»-2»«t2<tE-01» 
5 1.925E-Ü1» 2.<*32E-01» 
b «».136E-01» f.368E-01» 
7 b.229E-0l» b.3baE-ül»' 
8-2,38bE-Ü2» l,26bE-01» 
9 5.b29t-ül»  6.010E-01» 

COMMON/EST/tILN 5(b<0 
DATA EILN b/ 
7.b88E-Ul» 7.799E-Ü1» 
8i3b8E-Ül» 8.682E-01» 
2.7<»2E-01» '♦.3b9E-01» 
8.ä32E-ül» 9.314E-01» 
lüöbt  UO»   l.lObE  00» 

5.009E+0» 
b.l7<»E*0» 
3.H28C+0. 
5.27<tE+0» 
b.bb9E+0. 
b.ömE+O. 
3.901E+0» 
b.767E*0» 
b.lbtE+O. 

5.0^5E♦0^ 
b.l9l»E*0» 
H,230t+0, 
b.383E+0» 
b.692E*0» 
b,«33E+0» 
*».i»7tE*0» 
b.H59E*0» 
fa.207E*0» 

b.()76E<-0» 
b.211E*0» 
u.s^aE+o. 
b.«*7Ut+0» 
5.721E+0» 
b.B50E+0» 
<».921E40» 
5.939t+0. 
6.i''H»t + 0» 

5.105E+0» 
5.i2flE*0. 
'».7e9E*nf 
5.536E+0» 
5.7«»nE*0» 
^*«66E+0» 
b.2fa7E*0» 
6.007E+0» 
6.277E+0/ 

6.3b8E*0»     b.38lE+0»     6.i«02E*n.     6.<»19E+0» 
b.i»6ö£*0/ 

-1.961E 01»- 
•l.bbbE 01»' 
•1.210E 01»- 
•8.659t 00»- 
•l.'»'»OE 01»' 
■l,09bE 01»- 
•7.bl8E 00»- 
•*.5(»7E 00»- 
•1.10<»E   01»- 

•l.a22E 01» 
•l.'»98E 01»- 
•1.153E 01.- 
•a.ü93E 00.' 
•1.303E 01»' 
•1.038E 01»- 
■6.959E 00»« 
•♦.1U5E 00»- 
l.ü'*7E 01»- 

■1.702E 01» 
■1,<»«»0E 01» 
•1.095E 01»' 
^.^«♦E 00»- 
•1.325E 01»- 
•9.er/0E 00»- 
•6.413E 00»< 
'3.829E 00»' 
9.892E   00»- 

•1.731E 01» 
•1.383E 01» 
•1.03BE 01» 
•6.987E 00» 
■1.268E 01» 
■9.227F 00» 
•5.n87E on» 
'3.562E GO» 
■9.317E   00/ 

■7.600E 00. 
•'♦.U25E 00» 
•2.63ÖE 00»' 
•1.927E 00»' 
•5.23HE 00»' 
•2.716E 00»- 
■1.6a7E 00.' 
'1.256E 00»- 
■3.6^7E 00»- 

■7.031JE 00» 
•<*.006E 00» 
■2.i*75Er 00» 
■S.OtlE 00» 
•'♦.713E 
■2.H66E 00» 
•1.591E 00» 
1.209E 00» 
3.202E 00» 

00»- 

•6.'»7«»E 00» 
•3.641E 00 
'2.331E 00»' 
7.<*h|8E 00»' 
t.ZlpE 00.' 
2.2b6E 00.' 
1.S06E CO.- 
5,7b9E 00»• 
2.ao8E   00»- 

•5.926E 00» 
•3.329E 00» 
•2.209E 00» 
•fi.899E DO» 
■3.7r.«»E 00» 
•2.n79E 00» 
•l.«»32E 00» 
•b.l99E 00» 
•2,'»69E   00/ 

•1.739E 00» 
•1.042E 00» 
•7,366E-0l» 
•2.608E 00» 
■1.069E 00» 
•b,329E-01»' 
•2.96ifE-0l.' 
•1.903E 00»' 
■b.506E-01»' 

•9.90bE-02» 
9.660E-02» 

•1.411E   00»' 
•1.206E-01»' 
2.870E-01* 
«♦.576E-01. 
•1.07PE  OOe 
2.<»81E-01. 
6,«»20E-01» 

-1.572E 00» 
•9.7U5E-01» 
•7.02^-01. 
•2.229E 00» 
•9.1I09E-01»' 
••».aiOE-Ol»' 
•2.698E-01.' 
■1.561t 00»' 
•4.i»15E-Cl»' 

-1.131E  00» 
-9.154E-01» 
•6.7mE-01. 
•1.906E  00» 
•8.327E-01» 
''♦.352E-01»' 
■2.«»b6E-01»' 
•1.275E  00.- 
•3.b0lE-01»' 

■b.b91E-02. 
1.1AHE-01» 

•1.078E 00» 
■2.026E-02» 
3.250E-01» 
U,76<»E-01» 
•7.269E-01»' 
3,»>71E-01» 
6.771E-01» 

•1.79UE-02. 
1.383E-01» 

-8.024E-01»' 
6.316E-02» 
3.Sfl3E-01» 
'♦.93'»E-01» 

■«♦.«♦30E-01»- 
<».2B6E-01» 
7.082E-01» 

■1.309E 00» 
•8.630E-01» 
■•».OSbE 00» 
•l.e33E 00» 
•7.390E-01» 
■3.946E-01» 
•2.235E-01» 
•l.C3bE 00» 
•2.727E-01/ 

1.568E-0?» 
1.564E-01» 

•5.7U9E-01» 
1.332E-01. 
3.87faE-01» 
5.06BE-01» 

■2.121E-01» 
<*.962E-01» 
7.351E-01/ 

1.177t  UO»   1.187E  00» 

7.986E-01» 8.15i»E-01. 8.306E-01» 8.*<t3E-01» 
8.786E-01»-H.863t-01»-1.788001» 7.22üE"02» 
5.668E-01» 6,712E-01» 7.56r£-01» 8.256E-01» 
9.722E-01» 1.006E 00» 1.03;E UO. 1.063E 00» 
1.123E 00» 1.139E 00» 1.153E 00» l,16bE 00» 
1.197E   00»   1.206E   00»-6.935E-03»   2.7b8F-01» 
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7 S.UbJfel-Ult b.901E'ÜI 
B l.iööt DO. ItZiHL UU 
9   t*A9lJC   00.   l.tUE   00 

CÜMMON/UST/L1LN 6(^4 
UATA EILN 6/ 
l,H79fL JO» l.i»8UE 00 
6.t]<tbE-ülf U.ÖÜ2t-0l 
l.Ubät  00f   l.bOcC  00 

itboar. oo 
I.770c 00 

l.bfaöt 00. 
1.7b0E 00» 
7,*H9E-Ül5 9.97oE-Üi 
l.bBtt 00. 1.7UüE UU 
1.939E 00. 1.9baE Ü0 
2.042E 00. a.ObJE 00 
COMMON/EST/L1LN 7<ij<» 
DATA EILN 7/ 
2fü9öE 00. 1.037E 0Ü 
1.90<fE 00. 1.9&ÖE 00 
2.Ü09E 00. 2.2dbE 00 
2.J23E 00. ?.33bE 00 
2»381E 00. 2.367E 00 
2.10bE 00. 2.207E 00 
2.177t: 00. 2.b0bE 00 

8 2.bO<»E 0). 2.bl7E 00 
9 2.b&6E 00. 2.b73E 00 

COMMON/EST/EILN 8(17 
DATA EILN 6/ 
2.281E 00. 2.412E 00 
2.711E 00. 2.77<tE 00 
2.U86E 00. 2.901E 00 
2.9b3E 00. 2.9blE 00 
2.119t 00. 2.b91E 00 
3.008E 00. 3.019E 00 

1 
2 
3 
H 
5 
b 
7 3.172t; 00. 3.18bE 00 
8 3.213E 00. 3.2blE 00 

COMMON/EST/EILN 9(29 
OATA EILN 9/ 

2.].aOE+0 
3.13fat+0f 
3.412t+0. 
3.bllt+0. 
3.bb9L+0. 

C0MM0N/EST/tILNlQ(S1 
DATA EILN10/ 
3.3bbt+0.  3.117E+Ü 
3.b83E^0. 
3.7a8L+0. 
3.ö39t+0. 
3.5H7L+0. 
3.93SE+0. 
I.OfaOt+O. 
i.iiat+o. 
3.b93E+0. 

COMMON/EST/EILN11 (b*» 
DATA EILN11/ 
1.18aE+0.  <».222E«0 
*».331E+0. 
«».39bt*0. 
3.783E+0. 
1.129t+0» 
l.bOOt+O. 
•♦.67UE*0. 
3.801t+0. 
<t.b67t+0. 

3.211E+U 
3.1J5E+Ü 
3.b22EtO 
3.5b5E+ü 

3.707E+0 
3.799E+0 
3.816E+0 
3.b62E*ü 
3.9o5E+0 
'».Ü72E+Ü 
t.l^bE+ü 
3.ö3bE+Ü 

«♦.SlbE+ü 
<».<(03E>0 
3.9aOE+0 
«♦.'♦71E+0 
1.bl6E*ü 
•».baZE^J 
1.078E+Ü 
l^iaE+O 

Ö.367fc-Cl 
1.2aOE 00 
1.129E   00 

1.1971. 00 
I.0S3E 00 
1.55ÜE 00 
l.70bE 00 
1.779E 00 
1,201t 00 
l.aoiE oo 
1.982E 00 
2.063E 00 

1.282t 00 
2.018E 00 
2.2b8E 00 
2.31bE 00 
1.288E 00 
2.28bE 00 
2.532E 00 
2.629t; 00 
2.b80E 00 

2.512E 00 
2.803E 00 
2.911E 00 
2.96ÖE 00 
2.718E 00 
3.082E 00 
3.202E 00 
3.25ÖE OC 

2.501E+0 
3.270E+0 
3.1b5E+0 
3.530E+0 
2.501E+0 

3.519E+0 
3.728E+0 
3.808E+0 
3.8blE+0 
3.711E+0 
3.9e9E+0 
1.0B3E+0 
1.131E+0 
3.91bE+0 

1.2b)L+0 
1.3b7E+0 
I.IIOE+O 
1.12bE+0 
1.50bE*0 
1.b30E+0 
1.690E+0 
1.271E+0 
'♦.759E+0 

9.53ÖE-01. l.OIBE 00 
1.317E 00. 1.317E 00 
1.111E 00. l.1b7E 00 

loSObE 00. 
1.190E 00. 
I.S87E 00. 
1.722E 00. 
i.78eE 00. 
1.3b9E 00. 
l.SIbt 00. 
2.00nE 00. 
2.072E 00. 

1.193E 00. 
2.100t 00. 
2.277E 00. 
2.356E 00» 
l.b62E 00. 
2.319E 00. 
2.551E 00» 
2.610E 00» 
1.619F 00. 

2.5n9E 00. 
2.828E 00. 
2.926E 00. 
2.971E 00. 
2.815E 00. 
3.110E 00. 
3.211E 00» 
3.26SE 00» 

2,732E+0» 
J.316E+0» 
3.172E+0» 
3.539E+0» 
2.820£*a. 

3.575E+Ü» 
3.716E+0» 
3.fll7E*0» 
2.fl29E+0. 
3.a07E+0» 
1.011E+0» 
1.093E+0» 
1.137E+0» 
1.027E+0» 

1.275E+0» 
1.369C+0» 
1.117E+0» 
1.233E+0» 
1.535E+0» 
1.613E+0» 
1.697E+0» 
1.115E+0. 
1.791E+0» 

1.512E 00 
1.300E 00 
1.617E 00 
1,736E 00 
1.796E 00 
l.büOE 00 
1.882E 00 
2.015E 00 
2.0H0E   00 

l.bbBE 00 
2.113E 00 
2.295E 00 
2.3b5E 00 
i.797E 00 
2.100E 00 
2.573E ÖO 
2.b19E 00 
1.870E   00 

2.bbOE 00 
2.850E 00 
2.|93bE 00 
2.p29E 00 
2.|B95£ 00 
3.131E 00 
3.225E 00 
3.271E  00/ 

2*90bf*0 
3.351E+0 
3.187E+0 
3.516E+0 
3.061E+0 

3.620E+0 
3.762E*0 
3.826E+0 
3.157E+0 
3.858E+0 
1.029E+0 
1.103E+0 
3.171E+0 
1.093E+0 

1.296E+0 
1.w79E*0 
1.122E+0 
1.311E+0 
1.b60E*0 
1.65SE1-0 
1.703E+0 
1.521E4-0 
•4.823E+0 

C0MM0N/EST/EILN12(bl) 

1.123E 00» 
1.371E 00» 
1.169E 00/ 

3.972E-Ü1» 
1.388E UO» 
i.6iir oo» 
1.7ieE 00» 
1.R03E 00» 
1.603E 00» 
1.913E on» 
2.n29E 00» 
2.0R8E 00/ 

l.fiOlE 00» 
2.I79E 00» 
2.31ÜE 00» 
2.373E 00. 
1.973E 00» 
2.112E 00» 
2.589E 00» 
2.656? 00» 
2.1Ü6E 00/ 

2.700E 00» 
2.869E 00» 
2.911E 00» 
2.183E 00» 
2.9S8E 00» 
3.151E 00» 
3.231E 00» 

3.038E+0. 
3.386E+0. 
3.bOOE+0. 
3.553E+0» 
3.232E+0/ 

3.651E+0. 
3.775E+0» 
3.833E+0» 
a.SBSE+Of 
3.900E+0» 
1.ni5E+0» 
1.111E+0. 
3.182E+0. 
l»,I,15e+0/ 

1.315E+0. 
1.388E+0. 
3.500E+0» 
1.378E+0. 
1.581E+n» 
1.6b5E*0. 
1.709E+0» 
1.602E*n. 
1.81«E+n/ 
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1 
2 

4 
b 

7 
a 
9 

DATA EILN14/ 

b.<t70E*0. 
5.b22E*0/ 

b.U6iE+0»  5.<*90E+0»  5.'»99E+0» 

«».870t*0» <».8U8E*üi «».90bE*0. <*.919t*0. H.9121*0 f 4.943E+0» 
•♦.953t«-0» 4.9b2E+0» <f.971E^0» «».978E*0r «♦-^BSE+O» 4.992E+0» 
'♦.997t+0r l.lüSE+O. «».37bE+0» H,567**01 «»-709E+0» •».8HE+P» 
'♦.89bt*D» <t,9b9E<U» b.010E*0i b.0£2E*0. 5.086E+0» 5.i.09E*0» 
b.l27t*0' S.mSE^U» S.ltBE+O» ä.l71E+0i S.1B3E+0» 5.190E+C. 
b.2ü«»E*0# 5.21«»E*0» b.222E*0» 5.230E+0» 5.23«E+0. 5.2»5E»0» 
b.251t+0. b.257r>ü» '♦.•mE*0. '♦.678E+0. «•.Ö69E+0. 5.007E+0» 
b.lUbt*0» b.lb7£+ü. b.202E+0i b.2«»2E+0i 5.277E+0. 5.308E+0> 
5.335E+0»  b.359E+0»  S.JiBOE^O»  5,399E*0»  S.<»16E+Ot  5.'»32E+0/ 

C0MM0N/tST/LlLN13( 9J 
DATA EILN13/ 

1 b.itit&t+O*     S.tbBE^O» 
2 b.b07t+0.     b.bl5E+Ü> 
IFtL.Nt.U.)   00   TU  5 
THA =  1.11-3 
ZBAK=0. 
GO TO 9bU 

b CONTINUL 
AL&T=ALOblO(TAU) 
ALGE=ALüälO(E) 
DLGT=ALOT-TAULi 
ULGE=ALGE-ELZ 
ANSÜLGT0S-I-1. 
AM=0LGE*T«1. 
IF   (OLGT.LT.Ü.)   AN=Ü. 
IFCÜLGE.LT.O.)   AM=0. 
N=IFIX(AN) 
M=IFIX(AM) 
ttm 
ee«E. 
IF(N.UE.U) 60 TO 10 
IFCN.GE.NN) GO TO 20 
IF(M.LE.Ü) GO TO 800 
IF(M.GE.MM) GO TO <tUO 

8 CONTINUE 
DNLT=At'-AlNT(AN) i 
ÜMLE=AM-AINT(AM) 
ZBAK=2b(N>M)+CZB(N+l»M)-2B(N»M))i. DNLT 

1 ♦(Zü(N»M+l)-ZB(N»M)>* OMLE 
2 +(ZB(N*l*M*l)+ZB(N»M)-ZB(N+ltM)-ZR(N>M*l)) 
3 *(ONLT*DMLE) 
ALIN=EILN(N.M)*(E'LN(N+l.M»-EILN(NiMn«ONLT 

1 +(EILN(N»M*l)-EILN(N»M>)*OMLE 
3 •CONLT«UMLE) 
2 ♦(EILN(N+l»M+l)+EILN(NfM)-EILN(N*liM>-ElLN(N.M+in 
THA=SE0/PHI-tXP(ALIN)>/(l.5*(l.*2BAR   )i 
1F(IN.NE.O)ÖO TO (lb0.2bO»350»<»bO»550r650»750»850)»IN 
60 TO 9bO 

10 IF(M.LE.O) 60 TO 100 
IF(M.GE>MM) GO TO 300 
GO TO 200 

20 IF(M.LE.O) 60 TO 700 
IF(M.GE«MM) GO TO 500 
GO TO 600 

100 CONTINUE 
irdl.EQ*!) 60 TO 9901 

ISO CONTINUE 
RETURN 

200 CONTINUE 
IF«12.EU.1) 60 TO 9902 

£50 CONTINUE 
RETURN 

300 CONTINUE 
IFUS.EQ.l) 60 TO 9903 

-• 
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. 

350 CONTINUL 
HETUKN 

•♦00 CONTINUL 
IFdU.Eu.l) CO TO 9904 

ISO CONTINUL 
RETURN 

500 CONTINUE 
XFUb.Eö.l) 60 TO 990b 

550 CONTINUE 
RETURN 

60V CONTINUE 
IF(Ib.EQ.l) GO TU 9906 

650 CONTINUE 
RETURN 

700 CONTTNUt 
IF(I7.EU.l) 60 TO 99Ü7 
IN = 7 
M = 1 
N s NN 
E0=E2 
60 TO 8 

?50 THAP = E ♦ THA / EZ 

l^?THA«THAp"2!»)THAP/THA)**,7b * SQRT<T*UM/TAU)*EXP<V1*JTHAP-THA) / 
AIN=Vl*ZaAR 
GO TO 900 

600 CONTINUE 
IFUa.EU.l) GO TO 9908 
IN = Ö 
M = 1 
EO=E2 
60 TO 6 

850 THAP = E • THA / EZ 
ZBAR = ZdAR • (THAP/THA)**.75 • EXP(V1*( THAP -THA) / 
HTHA ♦ THAP*2,)) 
AIN=VWUAR 

900 CONTINUE 
THA=(E/PHI-AIN)/(l,i)*<l,+ZBAR)) 

950 P=PHU(1.*ZÖAR   )*THA/TAU 
RETURN 

9901 S1=12,0IU0 
GO TO 9999 

9902 Sl=12.0200 
GO TO 9999 

9903 51=12.0300 
GO TO 9999 

990<» &l-x2.0<»00 
60 TO 9999 

9905 51=12.0500 
60 TO 9999 

9906 51=12.0600 
GO TO 9999 

9907 51=12.0700 
GO TO 9999 

9906 51=12.0600 
9999 WKITE(6.1000)TAU.E.THA.P.ZBAR.66.ALGT 
1000 FORMAT(1H1»12X.6HTAU   .9X»6HE    »9X.6HTHA 

1UAR  »9X.6HGG    •9X.6HALGT  /7X.1P7E15.7) 
WRITE<6.i001JALGE»DLGT.DLGE»AN»AM 

1001 FORMAT(1H0,12X.6HALGE  .9X#6HDLGT  .9X»6MDLSE 
IM   /7X.1P5E15.7» 
WRITt(6»10Ü2)N»M»NN»MK»Sl 

1002 FORMAT(1H0IA2X.6HN    t9X.6HM    .9Xt6HNN 
11    /7X»I9»3(6X.I9)»1PE15.7) 

CALL EDIT 

1 
I 

• 

...    .. ; 
• 

i 

»9X.6HP »9X.6HZ 

.9X.6HAN »9X.6HA 

•9X.6HMM »9X.6HS 
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5. 1. 

SECTION V 
■ 

EQUATION OF STATE FOR MOLECULAR TARRDT^ 

INTRODUCTIpN 

In the theoretical analysis of cevtain experimental systems,  it is 

convenient to treat the vapor phase of a graphite-carbon vapor system as 

though it were in local thermodynamic equilibrium.   It is then possible to 

calculate the equilibrium composition of the vapor.    In this section a 

FORTRAN subroutine.  CMOL,  is described which,  given the local tem- 

perature and specific volume, will calculate the composition and thermo- 

dynamic properties of molecular carbon vapor. 

Two gross assumptions must first be stated:   (1)   it is assumed that 

only the species Cj.C., C^ are present, and   (2)   the perfect gas 

law is assumed at several olacP«.    In addition to these assumptions,  an 

extrapolation past the known data to the limiting high-temperature values 

of monatomic carbon vapor permits the user to bridge,  in a physically 

consistent manner, the region where the free energies of the system have 

not yet been determined. 

Finally, the systems of interest are metastable in that the carbon 

vapor formed is not expected to condense to graphite within the time 

period under study.    Thus, the routine permits the calculation of the sys- 

tem composition under the assumption that only vapor is present. 

5. 2.      SYMBOLS 

Aa,j J     coefficient in the least-square fit to the enthalpy and 

free energy of species a- , 
Ath 

*a 
A     coefficient in f(| ); see Eq.   (122e) 
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Q Molecule in carbon vapor containing j atoms of carbon, 

E Specific internal energy in calories/gram, 
sp 

E Internal energy per mole of species a in calories/mole, 
a 

{{ij See Eq.   (122e). 

GO(0 ) Gibbs free energy of species a at 00K, 

G0(T) Gibbs free energy of species a at T'K, 
a . 

G G   =G0(T), 
a a       a 

c 

AG0 Change in free energy due to reaction, for the reaction 
a 

aC.-^C  : AG0 = G^ -aG., 1       a        a       a 1 

H  (0) Enthalpy of species a at 00K, 
a 

H0(T) Enthalpy of species Qf at T 0K, 
a 

Ka Equilibrium constant, i. t. o.  concentrations, for the 

reaction «C.^C    :K0( = (RTf"1 K!*; K" = K"{T,«   ), 
1 Q; C p        c v. ur 

1^ Equilibrium constant L t. o. partial pressures, for the 

reactionaC.^C    : K0 = exp(-AG0/RT); K" = K"(T), 
1       a       P a P       P 

M Mass of the system; M =S    M    =Z    nM° in grams, a    a      a   n   a 

M0 Gram-molecular weight of species Of in grams/mole, 
a 

f5 Mean number of atoms/molecule; see Eq.   i 140a), 

n Number of moles of species a, 

n n = £   n , the total number of moles, 
a   a 2 

P P = 2   P    = RT S   £   ; system pressure in dynes/cm  , 

P Pressure of component a , 
ot 
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R 

T 

V 

a 

P 

T 

e 

Gas constant.    The units of R are consistent with the 

other factors in the equation in which it appears; for 

example,  in Eqs.   (120),  (132.), etc.,  R = 1. 9876 

calorie/mole-'K; in Eqs.  (114), etc. , R = 8. 3143 * 10* 

erg/mole-'K, 

Temperature in 0K, 

Total system volume in cm3, 

Molecular species index: 1 £ a £ 10, 
i 

3 

a 

Mass density in g/cm ; P = M/V =  l/r , 

Specific volume in cm/g;   T = V/M =  l/P, 

Temperature in ev, 

i    = n^V, the number density in moles/cm   of species a. 

5. 3.     THE SYSTEM COMPOSITION 

The equilibria assumed can be written as 

■ 

a Cj-Ca 5       a = 2, 3 ,  10 

and they lead to 
■ 

rurttftl^a 

Or, assuming that 

= K   IT) 

• 

■ 

P.  V = n    RT 
a a 

n 
a 

Pa =   v RT =  ^aRT 

where |    = n /V, we obtain 

{^(RTf'tt/K^T) 

(112) 

(113) 

(114) 

(115) 
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where 

a 
Kp = exp {-ACJRT) 

= exp((a G1 -GJ/RT) 

and Ca is the Gibbs free energy of species a: 

G 

(U6) 

RT RT 
(117) 

■ 

These free energy functions, and others, appear in a paper by Duff and 

Bauer (Ref. 1)    in the form of a least-square fit to the data over two over- 

lapping ranges and are written as 
■    ■ ■      '        . 

RT a , a-to T) -(sg Kj T^J/jj-Aa>5 +H°(0)/RT (US) 

This fit simultaneously gives the enthalpy of species a as 

H (T)     / •   , \ H        H0(T) 

RT RT (119) 

and thus satisfies the thermodynamic consistency relation: 
■ 

j—iT-JMH/RT) (120) 

is We thus have 9 equations in the 10 species.    The final equation needed 

given by the mass conservation relation: 

M=2on
a
M« (121) 

■ 

* It should be noted that the thermodynamic function table titles are in- 

verted in this reference; i. e. , the table titled "from 300°K-1500° K" 

actually is the table for 1500° K-6000oK, and vice versa. 
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which transforms to 
n 

V        a Y     a 

- 2    4    Mu 

a   a     a 

= S     €    (12a) a    a 

(122a) 

(122b) 

(122c) 

or 

10 -AG  /RT 
0=

ailo'e (RT>        (^r-p/12 (i22d) 
.a 

which we immediately recognize as a tenth-order polynomial in 4 ., the 

number density,  in moles/cm  , of carbon atoms.    For convenience we 

assume the standard polynomial form: 

,/t   ,    „a=10       lh   jot 
0=f(V = !:a=0    a«tt^ 

We note that,   by definition of the variables £    , 
a 

0< ^ <p/I2 

(122e) 

(123a) 

For these limiting values of the argument,  the  polynomial   assumes the 
value s 

f(0) = -p/12 (123b) 

and 

f(p/12) > 0   . (123c) 

Further, Descartes' rule of signs permits, at most, one real root. Since 

there is at least one real root, this root must be unique. We thus have all 

the information needed to find the root. 

Because of limitations imposed by the permissible exponent range 

inherent in most computer systems,   Eq.   (122e) was rewritten as 

o=10 _» 
0 = S a     X^ 

a -u       a 
(124a) 

-'■ 
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where 

X = 
G /RT 

^e RT (124b} 

»Q, = of e /RT   ;       1 ^o ^ 10 (124c) 

a. = -p/12 = art 0 0 (I24d) 

The bounds on X are stated immediately in terms of those previously 

stated for £    in Eq.   (123a): 

0 < X < -a0/a (I24e) 

A series of numerical experiments was performed to establish the 

most efficient manner of solving for this root.    The techniques considered 

were: 

(a)   Interval halving, 
fh 

^   (b)    regula falsi (the n     iterate is the inverse linear 

interpolate between iterates n-1 and n-2), 

(c) Newton-Raph son» 

(d) The analogue of Newton-Raphson which uses the first and 

second derivatives. 

Numerical experiments showed that the expected gain in the rate of con- 

vergence with the higher order methods (c and d) did not occur over much 

of the (T, p) domain of interest.    This would clearly not be true if an initial 

estimate sufficiently close to the final iterate could be found.    However, 

the estimates which were used were not always within this desirable 

domain: 

■ 

■ 
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i      .   i 

1. IfZ1.(-al0)/a1^l.X<Z1. 

i 

2. If Zj  >1, and a    ^0 »here j = 9, 8, 7, ....   1 (g^ 
J 

a    J^Ofor j = 9, 8, 7,. ..,2).    Z, = 1 + j-a'/a.'ll/j 

J 2 I    o    jJ 

and X < Z   . 

3.     If Z2  < 2,   Z3 = Z2- 1 and X < Z3 

Thus, techniques (c) and (d) were often ueeless. 

For a tenth order polynomial with the constant term as the only 

negative coefficient,   an upper bound on the root is 

However, numerical experiments have shown that the bound Z    given 

above is better;  this  is  easily understood when one  examines the 

behavior of the functions j(Go/RT)l 1^ a ^ lo|, for 4    always dominates 

10* 
Technique (c) requires almost twice as much computation as techni- 

ques (a) and (b),  and technique (d) requires almost^hree times as much 

computation.    Thus,   if second or third order convergence is not rapidly 

achieved,   one is much better off with the  lower  order methods. 

For this reason,  a careful study of the best way to use techniques (a) and 

(b) was pe rformed. 

Regula falsi and interval halving both require computation of f{X     ) 

where X       is the n     iterate.    In addition, interval halving requires 

comparison of f<X*n') with the upper and lower bounds determined at the 

<n-l)     iteration stage.    If f(Xtn') > 0,  x'n' replaces the previous upper 

bound.    If f(X     ) < 0,  X       replaces the previous lower bound.    If 
(r ) 

I f(X     )|   <e ,  we are sufficiently close to the desired answer and can use 

X       as our final iterate.    This process is clearly convergent; approximately 
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three iterations are required to reduce the error by a factor of 10.    Regula 

falsi^will permit a much taster asymptotic convergence rate; however,  the 

initial rate of convergence may be much slower.     Therefore,   interval 

halving is used until the criterion 

Cf^Tl^O.KP/U, 025) 

is met; from this iteration stage on, regula falsi is used untül f(X(n^ l<ö. 

However,  if regula falei predicts a new iterate oatside the current upper 

and lower bounds, interval halving is used at that i; oration stage.    The 

upper and lower bounds are updated at ever/  '«ration stage.    Twenty-five 

iterations are allowed; if the accuracy test is not satisfied, the cell 

CARBNZ (8) is set to 97. 0297 and a return is made to the calling program. 

When X has been determined to the desired accuracv, the 4     , a= 1, 
a 

...,   10 are computed using Eqs.   (115) and (116). 

5.4.      THERMODYNAMIC VARIABLES 

The thermodynamic variables computed are: 

P = RT 2a^ 

d£ 

L ■   . * 

(126) 

(127) 

(128) 

(129) 

(130) 
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\   8T h a\ 8r/   \dT/Sa 

\ 8T/T 

- 12 E 
sp 

(131) 

E    = RT 
Of RT 

-1 

dE 

7T 
a 

= R 

H 
a 

RT 
/dVRT\ 

wnere 

RT 
/dH^RTX 

^-dT~/ = R 

so 

dE 
Of 

dT 
= R 

J=2 u a.j 

^^«'^.J
10

"
1
' 

RT 

(132) 

(133) 

n 

'■W;),-'.|-",'-|(&),"-'f(',¥-T) 

( 

dG /RT\ 

(135) 

(136) 

(drTr^dT^l^ (137) 

dG /RT) 

-^  dT y /S     a' I 
a of 

(138) 

^)T = .(P2/i2)vv2*a 

N = 2   a I   /.S     4 
of        a.     a     a. 

(139) 

(MOa) 
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; 

5. F.      THERMODYNAMICS AND COMPOSITIONS ABOVE 7000° K 

(140b) 

(140c) 

Reliable data for the free energies and enthalpies for the species Ca, 

2 ^ a rs 10, have not yet been calculated above7000<,K.    However, at all 

densities of interest the system composition can be calculated at 7000° K.. 

Further, we know that, at all densities of interest,  at a sufficiently high 

temperature there will only be carbon atoms present.    In order to bridge 

this gap, the following equations are assumed (in which we denote all 

quantities relevant to the point (T,  T    =7000° K) with-th«f subscript "o" and" 

all quantities at the upper limiting value with the subscript "u"): 

N = N   + (T 
o .\"3ff 

UT/T =\dT ]T 

n ■ i u 

T    = T 
u        o (^ - s 

/8N\ 

Thus, since T   and N   are constants, 
o u - 

mjdT)T (^/(B^/BT), 

1 E = (R)       N  E    +(T   -T)(T   - s   ' o   o o u T
0' 

-1 

u 

(R   E 
o    o 

EjfTJ 

E ) u 

(141) 

(142) 

(143) 

(144) 

(145) 

(146) 

(147) 
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(HHH^-^-v1^. 
(148) 

■*A'*\ -i 

ü 

x      f   o 

/8E \ .  I (—a)        , + 

(149) 
T    - T 
.2  

T    - T 
u        o 

[NE - Vol   /^u\ ■ 

To be consistent with the technique used above 7000° K,  if T > T  , 

we assume that 
• 

il =P/i2 

yWfr =
\'3T/

T
~\ BT )T 

= 

N= l 

P ■ RT(P/12) 

E      =EJ12 
sp        1 

(150) 

(151) 

(152) 

(153) 

(154) 

d£ 
1 

<8Esp/8T)r=   dF/12 
■ 

(156) 

(157) 
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5. 6.     LOW TEMPERATURE RESULTS 

Preliminary numerical calculations indicated that for T < 1000° K, it 

is satisfactory to assume that 

50 =P/108 
9 . (158) 

fl = 9 

^9 ■ 0 

'     . 

(dr/T = P/T 

( 

dE    \       dEQ/dT 

8T /T 108 

'$)*"*" 

P = RT 
108T 

E      =En/l08 sp       9 

\8T/T "\ 9r/T =\ 8T Ar = 0 

(159) 

(160) 

(161) 

(162) 

(163) 

(164) 

(165) 

(166) 

5. 7.    COEFFICIENTS OF FITS TO THERMODYNAMIC FUNCTIONS 

Table IV contains the A , a = 1 ...   10 , j = 1 ... 
»J 

6   used to fit 

/GO(T)-HO(0)) (1.lnT).A        T.A       ll 
\ RT h     Aa,l{i     lnT'    Aa,2T       a, 3   2 

(lb7) 
s 

i!       T4 

Of, 4   3 a, 5   4 a, 6 

. 
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fM (M rsj 0 -o 
r*% ^o m "O in 

. i i /   j_ i . 
■     t^ T -o o '     "* 

f —' -4 

1        vO Aft M ro 
vO /* t^ O^ 
tj in PJ vO 

o ro r~ 
00 00 i^ 
^ rvj sO 

Ati - c^ f 

i   . , _ —* —< -* -i —4 

m ra _ r~ a> K i^ CO 
CO -^ r- (VI 
(M r- r«1 00 
rg ro r- a« 
ra 00 Tf o 
"* 1" in -o 

r^ r~ t^ r~ 
o o o o 
r- f \r\ r^ 
^ ^o (M o 
Tf » •* ^ 
o o •—* vO 
v- vO -r -H 
ro Tf m -o 

i i 
00 
i i 
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. 

' 
■ 

\ RT /c*=Aa,l+At*,2T+Aa, ,T
2 + A    A1

3+A       T4     (168) 
3 01,4 a,5 ' 

(The above equations are the same as Eqs.   (118) and (119),  respectively. ) 

5.8.     INTERFACE OF CMOL WITH OTHER EQUATION OF STATE 

SVBRQVTirffiS 

In the SPUTTER code, the generalized ionic equation of state sub- 

routines "EIONX"    are designed to interface with molecular equations of 

state in the following manner: ' 

1. All ionization contributions are calculated by the EIONX routine 

2. All translation contributions are calculated by the EIONX 

routine.    If a molecular E. O. S. is not called by the EIONX 

routine, EIONX sets R = 1,  (8f5/8eL = 0, and (BN/BT ).  = 0, 

where 0 is the temperature in ev (see below)     If a molecular 

E, O. S.  is called, these quantities are calculated by that routine 

and returned to EIONX to be used. 

3. The reference state for energy is assumed to contain only 

atoms. 

The equations which have been presented have included the translational 

contributions, and the temperature scale has been in degrees Kelvin.    The 

code actually uses a temperature scale in ev (1 ev a 11605° K).    The 

translational contributions to E and (9E/3 0)T are subtracted before these 

quantities are passed on by CMOL to the EIONX code.    This gives      , 

E = E -   — RT C/R - E 
EIONX input        CMOL      g o 

EIONX input -¥l CMOL CVN 

(169) 

(170) 

* See Section III of this report. 
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where C and C    are the appropriate conversion factors.    The correspond- 

ing factor does not have to be subtracted out of P since only N is trans- 

ferred to the EIONX code.    The derivatives of P that are calculated and 

transferred to the EIONX code also exclude the transiational contribution 

since they are calculated as 

im Jm\   (m) 
\8T/9   \aN/r.T\8T/r 

(171) 

(172) 

5. 9.      FUTURE IMPROVEMENTS 

Several of the assumptions will be replaced by a more extended 

treatment as soon as possible: 

1. A program is under way to (a)   compute high temperature 

partition functions,  and (b) fit the resultant fr^c energies 

and enthalpies in a the rmodynamic ally consistent least- 

square manner.    As soon as this is done, the "bridging" 

section will be removed from the code.    This will be done 

initially for Ca,   l^a^   10. 

2. Following this, an attempt will be made to estimate the 

thermodynamic quantities for Cß,   11 ^/3 ^ 20.    Calcula- 

tions with the present system show that ^9 >> ^a ^ 9 at 

T - 1000° K.    However, this is only an artifice due to the 

exclusion of Cfl    .    from the calculations.    Inclusion of 

these species is expected to change the results at low 

temperatures so that N >9 at low temperatures. 

3. An attempt will be made to add "real gas" correction 

factors for the various species. 

f 
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. 
5. 10 .     VARIABLE 

1. A(10) 

* 2. A2(10) 

3. B(10) 

4. B2(10) 

5. BACK1 

MÜMiiniHüilii. i        : :.».w 

6. C(10) 

7. C2(10) 

8. CARBNZ(IO) 

9. COEF(ll) 

10. CONST 

11. D(10) 

12. DZ(10) 

13. DCONDT 

14. DEDT{10) 

15. DEDTAU 

16. DEDTHT 

17. DELH(IO) 

18. DNDT 

19. DNDTAU 

20. DPDN 

21. DPOTAU 

22. DPDTHT 

NAMES USED IN CMOL 

A      ; 1 ^ aslOinEq.   U67)£or T^ 1750oK. 

A^   jj 1 < a< 10 in Eq.  (167); for T < 1750°K. 

A      ; 1 <« < 10 in Eq.  (167); for T > 1750° K. 
a, Z 

A      ; 1 <a s 10 in Eq,   (167); for T < 1750°K. 

Previous Iterate. 

A    ,; l<a slOinEq.   (167); T> 1750° K. 
a, 3 

A    ,; l^of <10 inEq.   (167); T < 1750oK. 
a, 3 

Routine out put array; see section 5. 9. 

a ; 1 sa < 11; see Eqs.   (124c) and (I24d). 

ajj = - P/12; see Eqs.  (122e) and (124d). 

A      ; 1 < a <10 in Eq.  (167); T > 1750° K. 

A    .; 1 < a ^10 in Eq.  (167); T < 1750° K. 

dE /dT = R  [A    , - 1 + Z*=l aAn  . Tj|. 

(9E/3r)e, 

(8E^8)T. 

H°(0). 

(8R/8T)r, 

(9R/aT)T. 

(8P/35I)T, P. 

OP/8r)9. 

(8P/8Ö)T. 

■ 

. 

175 



AFWL-TR-66-108.   Vol II 

23. DREACT(IO) 

24. DXDT(IO) 

25. DXDTAU(IO) 

26. E(10) 

27. E2(10) 

28. EDIF 

29. EION{20) 

30. ENERGY 

31. EO 

32. EONBAR 

33. ESPECZ(IO) 

34. El 

35. EZERO 

36. FK(10) 

37. FK2(10) 

38. FOFX 

39. FOFXM1 

40. FRENRG(IO) 

41. HSPECZ(IO) 

42. NEAR 

43. NBARO 

- a H° (T)/RT - H° (T)/RT. 

{dta/dT)T; 1 ^a^lO. 

(Ha/dT)T; l<a <: 10. 

A    r.; 1 < a < 10 in Eq.  (167); T < 1750° K. 

A    e; 1 < as 10 in Eq.  (167); T < 1750oK. 
a, 5 

E    R    - E, . 
o    o 1 

EIONX input - out put array; see Section III of 

this report. 

Specific energy in ergs/g; see Eq.   (129). 

E    = E (7000°K, P. 
o 

E    N . 
o    o 

E° (T) = H° (T) - RT. 

■ 

E (T  ). 
u 

Assumed specific energy of atomization (of 

graphite) ; 5. 98566 Ell ergs/g. 

A    ,; Is a< lOinEq.  (167); T ^1750oK. 
a, o 

A    ,; 1< a <10 in Eq.  (167); T < 1750oK. 
a, b 

See Eq.   (lie). 

f (previous iterate); see Eq,   (122e), 

■ 

■ -' ■ 

Mean number of atoms per molecule; seeEq.   (140a). 

■ 

.■ 

G^(T)|   RT; 1 s as 10. 

K w- 

H    = N (7000° K,p ). 
o • 
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44. PRESHR 

45. RTKEL 

46. R2TKEL 

47. SUMCON 

48. SUMNRG 

49. SUM1DX 

50. SUM2DX 

51. SUM3DX 

52. SUM4DX 

53. SUM5DX 

54. SUM6DX 

55. SUM7DX 

56. SUM8DX 

57. T 

58. TAU 

59. TDGDT(IO) 

60. TDIF 

61. TKEL 

62. TKEL.N 

63. TUPM7 

64. UPPER T 

65. X 

66. XSET(IO) 

P ; see Eq. {126). 

RT with R = 1. 98726 cal/mole-0 K. 

RT with R = 82. 06 cm I aim-0 K. 

2   k   . a   a 

-|SaI'{*|"H°<T, + H«<T'll/RT- 
S    a2 ^   . a a 

2aOy9r)T   |E°(T)j. 

S    (dUBT)T  \E0 (T)!. 
a        ex I   a       t 

S    t    (dE  /dT). a   a       a 

S   a(8^  /9T)T, 
a a 

Saa{dUdT)T. 

Storage cell for T in computations above 7000° K. 

Specific volume in cm  /g. 

H0 (T)  /RT. 
a      i 

T - 7000° K. 

Temperature in " K. 

In T. 

T    - 7000° K. 
u 

t    ; see Eq.   (144). 
Gx/RT 

X = * j e /RT. 

^a; is a^ 10. 
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67. XTRY 

68. Y 

69. Z 

Regula falsi prediction of next iterate in Eq.  <124aJ. 

Lower boimd on X; 0 s Y. 
G /RT 

Upper bound on X; Z < ^ /l2)(RT)(e ). 

, ■ 

>■ 

■ 

; 

. 

• 

• 

.-^,.       ,ftÄ" 
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5.11.    APPENDIX:  LISTING OF CMOL 

WIT   FOK        McbluK/AtllLSrEK/AfllESTEK/Al 
SUbKOUTl.Mt   CM0L(X1»   Xc'.    X3) 

C LNLKuY   ICHO   xS   ATOMIZED   CARbON   (£iCHfcY=5,9ß5fehK31   EMB^/G.) 
C LAbT   COMPILED   UECEMHEK   12f   1965 
C XI   IS   TAU   IM  o/CC 
C XÜ   lb   IHCTA   iH  U 
C X3   .LT.   ü.   FORCES   TKANSLATIüNAL-OMLY  COMPUTATION 
C X3   .GT.   ü.   FORCES CUTOFF   AF   1500.   DEGREES  KELVIN 
C 

CöMMÜN/LMS/HOiM (dO) 
CÜMMüN   /LMSto/CARtiNZdO) 
REAL   r\L5AK 
REAL   NBARO 
LQUIVALL.JCE(0L0NRS»Lr0U(15) )»      (MiiARtEIONt 17) ) 
UlMuMSIOnl A(10)fü(10).C(lÜ)fO(ll»)tE(10)»FK(10).DELH(10)fr;<£NHb{l 

lO).EiPECZ(lü).XStT(lu)fCOEF(ll) 
tOUIVALLNCE(COEF(ll)»CONST) 
ÜIMLxiSIOM     HbPECZ(lü)»AÜ(10)»R2{lU)fC2(10)fD2(10)»E2'10).FK2nO) 
OIhLNSlUN   TOOüT(A0).ÜLüT(10)fnXDT(10)»DX[>TA(J{10)»DREACT(10) 
ÜATA A/2.blb7.59«»^.buft3»<+.5770171 »6.0773535»7,57738»9.OTTP^d'+flÜ,5 

17aiiÜ»:.2.079i:5»<j.57S*007» 15. 07952/ 
DATA Ü/-1.07593U7E-«l»-f.309«*7«)lE-*t»1.135<+603E-3»1.72ia071E-3»2.3n8 

1765jL-3»i:.d95ö363E-3»3.'+«15191E-3»«t.0668009E-3^.65»*0713E-^»5.2«+P2 
2'+72t-3/ 

DATA C/3.tJoÜlÜH«tc-U»4i.553«*0U9E-7»-2.0837l76E-7»-3.15995^aE-7»-<f.?3 
ia5iJH'+L-7»-5.316QU0üE-7»-6.390'+'*72E-7»-7.'+60üb'+2E-7»-B.5'*l'+25'+E-7»- 
29.61b«+üboE-7/ 

UATA L)/-'+.5üb'*b»(DE-i<;»-5.06U5532E-ll»1.7ü96995E-ll»2.3369?07E-l!.»2 
1.9üyi251E-ll»3.6ü32b75E-llr«*.222392ttE-ll»4,8373 722E-ll»5.u737111F- 
211»o.U9b2072t-ll/ 

UATA L/l.ü2büü99E-i6»5.'*b877blE-l5»-**.957819bE-16»-3.5P33,>03E-i6f- 
12.2472^y2E-lb»-9.25bb753E-17»5.l09i*666E-l7»l,93U5«»5bE-16»3»2b327?l 
2E-lb»W.tj77o93E-lo/ 

üATA FK/4.11<+i+»-l.a5i'*979.-.99026691 »-5.383521P»-1<».367287»-19,262 
13b3»-27. 7Hbll5»-32.647187»-*♦!. 125658»-46. 023767/ 

UATA  UELil/i.u9bb£5»1.97£5.1.68104E5»2.405E5»2.4029BE5»2.87E5f2.b7E 
15»3.39E5»3.3'+E5»3.93c5/ 

C 
C 

UATA A2/2.61b739l»<+.bn33»4.Ü611273»5.6700722»7.2790966»8.887i 007.1 
lü.49c>b(l2» 12. lUbb99» 13. 714116» 15. 322981/ 

UATA   b2/-1.07bV3ü7E-4»-4.3094741E-4»2.5016562E-3»2.94mon6£-3»3.28 
110Ü92L-3»3.ä217676E-o» 
2 4.2b21b70E-J»i*.70l7969£->'»»5.1433051£-3»5.5834718T-3/ 

UATA   C2/3.86UlimE-ü»2.b534ü49E-7»-1.49l669E-6»-1.5837991E-6» 
l-l.b755£-6»-1.76d91U4E-b» 
2 -l.üöl7b21E-6»-1.9536149c-6»-2.0480U45F.-6»-2.140608bE-b/ 
UATA U2/-4.i)U84b'+6E-12»-5.P6Ü5532--ll»5.3389410E-10»5.8735rt9bE-in» 
lb.40bblb2E-10»b.947bb31E-lÜ»7.486223aE-ln»B.Ü193<467£-10»8.566632PE 
2-lÜ»y.lU4U577£-lu/ 
DATA L2/i.82bÖü99£-lDl/3.4aa7751E-15»-7.68242ü7£-l4»-9.296338üE-l«*» 
l-l.üyU5*U9£-13»-1.2b33614£-13»-1.415bl92E-13»-1.5766034E-;l3»-l,740 
2496b£-13»-1.9024b94£-l3/ 
UATA FK2/4.H<m»-1.6514979»1,0152922»-1.2521956»-13.103985»-18.370 
156»-27.221515»-32.HbylHb»-41.339045»-46.606231/ 

EOUIVALLNCE (PRESHR»CAR9NZ(2) )» {0EDrAU»CARc«NZ(3))» 
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C 
C 

KÜtüTMT'CAKJNZm ) i (üP0TAU*CARI3N2(ä)) * (0P0THT*CARF)NZ(6))» 
^(ENtiKGY»CARdNZ(l)) 

■ 

TAU= XI 
EZE.Hü= b.yb5u5£H 

IF(X3 .LT. 0. .AND. Ad) ,NE.2.b) 60 TO 10 
U CONlIt^UL 

1F( fAU.LT.l.r.-l) SO TO 900 
T=        -1. 
UPPtKT=   J. 
CONbT=     -l./(12.*TAU) 
TKtL=      116U5.4 * X2 

lF(TKt;L.GT.7.E3) GO TO 550 
551 CONTINUE 

TKELN=    AL06(rKEL) 
KTKEL=    1.98726*FKLL 
H2TKEL=    üi.ü6*TKEL 
1.9^726 IS THE GAS CONSTANT IN CALORICS/MOL.E/DEGWEE KELVIN 
82.üb lb THE GAS CONSTANT IN CC.'ATM05PHERE5/M0LZ/0E6REE KELVIN 
DO 201 I=1»1U 
IF (TKEL.Lr.1750.) GO TO «*00 
FrJ;NRG(I)= A(I)*(1.- TKELN )   -(FK( I)+TKEL*{B{ I )*TKEL*(C( I) '2.+ 

1 TKEL*(J(I)/3.+TKEL*E(I)/«». ))))  ♦OELH(I)/RTKEL 
UEDT(I)=   1.98726#( A (I)-l.*TKEL*(2.»B (I)+TKEL*<3.*C(I)+TKEL* 

1 U.*0(I)+TKEL*5.*E (I) )))) 
(»01 CONTINUE 

FI=        I 
COEF(l)=  F1*EXP(-FKENHG(I) )/R2TKEL 

201 CONTINUE 
IF(TKtL.LT.l.t3) GO TO 650 
IFU3 .GT. 0. .ANU. TKEL .LT. 1.5E3) GO TO 650 

THE LOMEK SOUND ON X IS 0. 
Y= 0. 
DEVELOP UPPEK bOUNO TO X 
Z=        -CONST/COLFd) 
IF ( Z.LC. 1.) GO TO 60«* 

602 CONTINUE 
DO 221 I=l»9 
J= 10-1 

IF(CütF(J).Nfc.O.) GO TO 222 
221 CONTINUE 
222 CONTINUE 

IF(COtF(l).EO.O.) CALL UNCLE 
Z=        l, + ((-CONbT/CCEMJn**U./FLOAT{J)n 
IF ( Z.LT. 2.) Z=  Z-l. 

604 CONTINUE 
X=       z 
QACKls    0. 
XTrtY=    -1.E-3Ü 
F OF XM1=0. 

211 CONTlNUt 
DO 2U3 J= 1»25 
F Ü^ X =   COEF(IO) 
DO JJ«* 1=1 »9 
111=       10-1 

s> 
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F    UF   ) F OF   X  *X  +  COcFCII) 
^im  COrvTlKv.u 

F   OF   X   =       F  OF   X   ♦   X   +  CONST 

IF   (F   OF   X   .bT.   U.)   l~   X 
IF   (F   OF   X   .LT..   U.)   Y=  X 
IF(J.fc.U.l.AiMU.FOFX.OT. (   -2.*  CONST   ))   GO  TO  21? 
IF   (   AIJS(F  0^   X)   .LT.   (l.E-  6* (-CONST     ))   )   GO  TO  205 

IF   «MijS(FüFX).GE.(-.l♦CONST))   GO  TO  206 
IF   (   FOFX.EU.FOFXMl)   GO  TO  2Üft 

^Oy  CüNUUUL 
IF(J.OV.l)   XTRY   =     X   -   (X-HACKD/CFOFX-FOFXMDJ-F   OF   X 

20b  CONTINUL 
UACK1= X 
X= (i+YM.S, 
IF   (   F   OF  X   .EO.   F0FXM1   )   GO  TO  208 
IF   (XTRY.GE.Y.AND.XTHY.LE.Z.AND.AhS(FOFX).LT.C-.l*CONST))   X=XTRY 

«JOÜ   CONTINUE 
F0FXM1=F OF X , 

203 CONTINUE , 
J= J-l ' ' 

297 CONTINUE ' ' 

CARBNZ(H) = 97.02^7 
.. ■ 

RETURN : ■ 

üOb CONTINUE . 
FJr J ■ 

f'Rt.SSURE 
. 

bUMCON= 0. ■ 

DO 30: 1= IflU ■ 
■ 

XSET(1)= 0. ■ ■' 

IF (COEF(I).EU.O ,) 60 TO 301 
FI = I 
XSEr(l)= (C01LF(I)/FI*X** (FI/2.))*X**(FI/2.) , 
bUMCON= SUMCON + XSET(I) ■. 

301 CONTINUE . 
NBAR= -CONST /SUMCON 
F»K4SHH5 1.0132bEb*R2TKEL*SUMCON 
ENERGY ■ 

' 
INITAL= 1 . 

LAbT= 10 - 
«♦ CONTINUE 

JUMNRG= 0, 
UO 302 I=INITAL»LAST 
IF (TKEL.LT.17,J0.)GÜ TO '♦02   
HSffcWCUa KTKEL^(A(l)+TKEL*(B(I)+TKEL*(C(n*TKEL*(D(I)+TKEL*E(I) 

1 ))))+DtLM(I) 
1*03 CONTINUE 

LbPLCZ(i)= HbPECZ(I) - RTKEL 
bUWNRG=    SUMNRG * XSET(I)»ESPECZ(I) 

302 CONTlNUt. 
L!>IERbY=    TAU*SUMNRta*«+. 1B5E7 

IF(TKtL.LT.l.E3) GO TO 601 
bUMlUX=    0. 
bUKi<:UX=    U. 
UU bOO I-1»1U 
FI=        I 
TÜGÜT(I)=  -HSPECZ(I)/RrKEL 

■ 

■ . 

• 
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L)I<LACT(I) = 
SUMlüX= 
jUMi>UX = 

bOU   CONHNUL 
UXDI(1)= 
UXÜTAU(1)= 
L)0   bOi   1-2 

UXDKDS 
ÜXUTAU(I)= 

bOl   CONTINUL 
UCÜNU1- 
bUMJUX= 
bUM<+UX = 
SUMbaX= 
bUMbüX= 
bUM7UX= 
bUMbUX= 
UÜ   bUi>   1 = 1 
FI = I 
ÜCONL)T = 
Simula 
bUM<+UX = 
bUMbüX= 
bUMbDX= 
bUM7lJX= 
bUMüüX= 

b02   CONTlNUt: 
ÜNÜT= 
DNUTAU= 
UPÜN= 
DPOTAU= 
ÜPÜTHT= 
ÜEÜTAU= 
DEUTHTs 

1F(T.NE 
GO TO 9U1 

650 CONTlNUt 
P^t;SHK= 
INITAL= 
LASTS 
NiiAK= 
XStT(9)= 
GO TO *♦ 

601 CONTlNUt 
ÜPÜTAU= 
üPÜTHIs 
DEf)TAU= 
UEUTHT= 
GO TU 9Ü1 

212 CONTlNUt 
X= 
GO To 211 

UÜU CONTINUE 
FHENr<G(I) = 

i-'l*TDoOT(l>-TüGOT(n 
büMlÜX+XbLT(1)*F1*0KEACT(I) 
bUM2ÜX   ♦   fI*FI«XbET(I) 

-AbtT(l)*((   CONST     +SUMlDX)/SlJM2DX+l.)/TKEL 
-XStT(1)/(12.*TAU*TAU*bUM2nX) 

*1U 
. 

XbtT(l)*(Fl/XSETm*DXUT{l)*{DREACT(n4Fl-l.)/TKEL) 
Fl*üXüTAU(l)/XSET(l)*XbET(I) 

o 

U. 
u. 
0. 
u. 
u. 
u. 
Ü. 

• 1U 

ÜCONÜf + UXl)T(I) 
bUM30X*0XüTAU(I) 
bUlWDX+OXüTAU (I) *ESPEC^ (I) 
bUMbDX+EbPECZ(I)*ÜXDT(I) 
SUM6ÜX+0tUT(I)«XbET(I) 
SUM7ÜX*FI*UXDT(I) 
SUMüDX+Fl*(.)XÜTAU(I) 

■ . 

■ 

SUM7DX/SÜMC0N+DC0NDT* CONST  /SUMCON/SUMC0N 
SUMa0X/SUMC0N+SUM30X* CONST  /SUMCON/SUMCON 
-PKESHH/NUAK 
UPON * ONUTAU 
UPON ♦ DNüT ♦ llbUS.«» 
4. 1Ö5E7* TAU* (SUM<»ÜX+SUMNHG*SUM8DX/C0NST) 
'♦.Hbbü6Ell*TAU*(SUM50X+SUM60X+SUMNH6*SUM7DX/C0EF(11)) 
.<-l.)) 60 TO 503 

-1.12bÖ33tb*K2TKEL*CONST 
y 
9 
9. 
-CONST/9. 

0. 
0. 
Ü. 
'4-H97lE9*!JtUT(9) 

1*X 

ÜEUT(I)= 

Aü(l)*(l.-TKtLN)-(FK2(I)+TKEL*(ß2(n+TKEL*(C2(I)*.5+TKE 
L*(Ü^(I)/3.+TKEL*E2(I)*.2b))))+DELH(I)/RTKEL 
1.9ö726«( A2(I)-l.+TKEL*(2,*U2(I)4-rKEL*(3.*C?(I)*Tt<EL* 
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1 

«♦()<: iibi 
l 

<4 0l 
(«♦•♦aacutTniLfifff^fii )))> 

'jbü 

(i)=   KlKLLMAüd) HM:L*'(Br?(l)+TKEL*(C2(I)+TKEL*(0?(I>*TKrL*E 
.'Mi)   ))))   tüELHd) 

10   <HJ.J 

1 = 
IF 
IK 
IF 

TKLL= 
UO   \0 

FKliL 
(r.Oü.tt.hLJ   .AND. 
( I .GI'.l.UbLl   .M-iO. 

■ 

lAU.GE.l.tS 
TAU.GE.   1. 

) GO 
GO 

TO 
TO 

boa 
büU 

I  r 

bül 

.Gt.   l.-iEU 
7.E4 

)   GO  TO  SOU 

tJÜ3 tONHNUL 
iJlJAKü= 
UPHtK I = 

."JbAK 
/.E3-(Ni»AKO-l.)/ÜN0T 

IKd.oT.UPPEHD   GÜ   TO  bO<t 

901 

902 

ÖÜ<» 

900 
197 

10 

1UPM7= 
TUiF = 
NIJAHs 
L0= 
Ll = 
EürJtiAK= 
LIJ1F = 
LNL«toY= 
ÜEüTMT= 
ÜEUIAU= 

I 
PMLbHKS 
ÜPUTAU= 
ÜPÜTM1= 
TKLL= 
CONTINUE 
ENLKGYS 
UEÜTMT= 
CONTINUE 
CAKUN^(Ö)= 
CAHÜN<:(7) = 
KETUKN 
CONTINUE 
ENEKGY: 
TKEL= 
PrttSHK= 
ÜPÜTAUS 
t/POTHTs 
üEüTAU^Ü. 
ÜEürHT= 
NJAK= 
XSET(1)= 
ÜÜ   TO  902 
CONTINUE 
CONTINUE 
CAHtl^Cdls 
KETUKN 
CONTINUE 
ÜÜ   lb   I=1»1Ü 
A(l)   =   K.& 

; 

UPPEKI-7.E3 
r-7.E3 
,>(HA«+rOIF*(JNUT 
EiMEKGY 
1.0J92'*'*bE7*UPPEHT*5.9Hb66Ell 
EO*NUA«0 
EONiiAii-El 
(E0NbAK-rUlF/TUPM7*EDIF)/Nf)AR 
-lll>0.'J.'**(ENEHGY*ÜN0T*EOIF/TUPM7)/NF»AR 
(-ENEKGY+ONUTAU  +((UPPERT-T)/TUPM7)*CEO*DNOTAU+ 

DEDrAU)   -  F.ÜIF/TUP,v|7  *  UNOTAU/DNDT  *  TOIF/TUP 
-  CONST     /NHA«*T*Ü.M39b6'»E7 

-PMESri«/NüAH*ÜNL)7AU 
-PI<ESilK«'11605.i4*ÜNaT/NLiAR 
r 

LNEHGY-l.ü392i*<*bE7*TKEL/NaAR-  EZEKO 
ÜEDTHT-1.2Ü6ÜB«*«»E11/NL1AH 

0. 
NbAK 

b.9bbo6Ell   -  EZERO 
T 
-     Cü.MST   »TK£L*Ö.3139bl>»*E7 
0. 
0. 

^UARO* 
^7)/NaAR 

0. 
1. 
-COlMbT 

97.0197 
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t)(I) ■ U. 
t(l)   z u. 
urn = u. 
L(l)   = u. 
FK(I)= 0. 
A2(I)= 2.b 
b2(I)= U. 
C2(I)= 0. 
U2(l)= 0. 
L2(i)= U. 
FK2(1): :U. 

b  CONTiNUL 
Ü0  TO   1 11 
END 

■ 

■ 

■ 
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